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Bellevue Hospital Plant 


By Tuomas WILSON 


SYNOPSIS—A plant of 28,000 boiler horsepower with 
complete coal- and ash-handling facilities. Steam is used 
for heating and cooking, in the laundry, in an absorption 
refrigerating plant and for other purposes common to 
hospitals. Current for lighting and power is supplied by 
the Edison Co. 

Bellevue and Allied Hospitals of New York City, com- 
monly conceded to be the largest institution of its kind 
in the world, covers a large area of ground, extending 


tection, for a steam elevator in the main building, fo; 
heating the charity dock, for supplying a 200-ton absorp. 
tion refrigerating plant and for numerous other uses. I]t 
was necessary to install a new plant with sufficient capac. 
ity to supply all this steam, and, although this plant has 
been in operation nearly four years, it has never bee, 
given the attention in the technical press that its design 
and general layout would seem to warrant. 

Primarily, the plant generates steam for heating and 
the other uses mentioned and takes no part in supplying 


Fie. 1. View Borter Room at BELLEVUE 


from Twenty-fifth to Twenty-ninth St., and from First 
Ave. to the East River. In all there are about 20 build- 
ings, which vary in height from two stories in the older 
structures to six and seven stories in the new buildings, 
commonly referred to as the New Bellevue. The hospital 
is operated by the city, and is under the general super- 
vision of Dr. George O’Hanlon. 

For the various purposes for which steam is required in 
a hospital, large quantities were in demand, and more 
was needed after the completion of the late addition. 
There are practically 200,000 sq.ft. of radiating surface, 
large quantities of steam are required in the laundry, for 
cooking, sterilizing, disinfecting, for the large number of 
pumps supplying water for general use and for fire pro- 


current for lighting and power. Edison service is installed 
throughout the hospital and the load has recently aver- 
aged approximately 85,000 kw.-hr. per month. It will 
be considerably more when current is turned into all of 
the new buildings. 

An inspection of the accompanying drawings will show 
that the boiler room is equipped with the latest devices 
to assist in its operation. There are, in all, eight 350- 
hp. B. & W. water-tube boilers arranged in batteries of 
two. The boilers operate at a pressure of 125 lb. and a 
times six of them have been put into commission to su} 
ply the heaviest demands. Other buildings are to be 
erected, however, and at their completion, practically the 
full boiler capacity will be required. Each boiler 
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equipped with a Wilkinson inclined grate stoker. It will plant. The stacks are 7 ft. 6 in. inside diameter aii| risg 
probably be remembered that the grate of these stokers is 153 ft. above the grate level. 


made up of hollow bars which have an alternate forward 
motion of about 34 in. produced by a hydraulic motor 
mounted on the face of the boiler. 


At the end of each 


HANDLING CoAL AND ASH 


No. 1 buckwheat coal is used as fuel, and it is all de 


grate bar, a small steam jet is inserted, and all the air or — livered by water. As much as 60 tons per 24 hr. is used 
iraft for the fire passes through the bars with the steam, in the winter months and varying with the weather con. 
issuing through openings in the steps of the grate. Blow- ditions the coal consumption drops to 18 tons during the 


N 
\ FLUE 
N 76” DIAM 


N 


U 


YW 


Conveyor 
COAL 
STORAGE \ 


4"Vent 
~4--- 
bas 
--7 
§BOILER 
j 
SS RECEIVING 
TANK | 48 Y 
STOKER x 
NV’ FEED 
al {PUMP STOKER-~~-- 
Hts 
Af, 


Fra. 


POWER 


3. TRANSVERSE SEcTION TITROUGH BotLer Room 


ers shown in the accompanying elevation force the air summer. It is elevated from a barge on the river by @ 


through a duct to the wind saddle at each boiler from 


Hunt clamshell digger, the bucket of which has a ca 


which it passes through the grates to the furnace. Engine- pacity of 2800 lb. A double 10x12-in. engine operates 
driven blowers are also installed to force the draft when the hoist and a 6x8-in. double engine drives the trolley. 


necessary. The products of combustion pass through a 
flue which drops to the basement floor and passes along 
to the-stacks, of which there are two, each located midway 
between the two batteries of boilers on either side of the 


From the bucket of the hoist the coal is delivered into @ 
receiving bin of 100 tons capacity, and from this bin it i§ 
discharged by gravity through an automatie filler into ® 
Hunt bucket conveyor carrying it to the main storage 
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bin over the boilers, which has a capacity of 3000 tons. 
In its passage from the storage to the hopper of the 
stokcr, the coal is weighed in a hopper scales. These 
weighis are recorded, and serve to check the first weighing, 
which takes place as the coal is delivered into the receiv- 
ing bin, another scaie being provided at this point. 

The ashes are dumped from the dead plates of the 
stokers to receiving pits below each boiler. Unfortunate- 


Fic. 4. Coat Hotst on Roor oF StToRAGE BUILDING 


ly, there is little headroom in the basement, so that it is 


necessary to rake out the ashes from the pits onto the. 


lhasement floor, cool and then shovel them into the con- 
veyor which handles the coal. They are delivered into an 
ashbin under the hoisting-engine house, and from there 
chuted into contractors’ wagons or into barges on the 
river. 

Frep WATER 


During the colder months, the returns from the heating 
system form a large part of the feed water for the boil- 
ers. Makeup water comes from the city mains and on 
its way to the boilers it is raised in temperature to 208 
deg. by Webster heaters. The feed pumps are of the 
Worthington Admiralty vertical type, and, as shown in 
the drawings, are placed midway between the batteries of 
boilers. In all, there are four pumps, 12, 17 and 814 by 
15 in. A ring system of piping allows any boiler to be 
fed by any one of the four pumps, and each pump can 
feed in either direction. . 

The water supply to the hospital is. through: two 12-in. 


mains, which enter the basement of the’ plant and are 
Connecte with filters, suction tanks, pumps and other -’ 


appliances nécessary to equip a central pumping station 
adequate for the entire property. It is thus evident that 
even the boiler water is filtered. 

~ For veneral service, an Acme water-storage system, hav- 
ing a capacity of 60,000 gal., has been installed, and the 
plant ay be adjusted so as to automatically: maintain 


any pressure which is desired between 60. and: 100 Ib. 


to the square inch. The equipment includes a 40,000-gal. 
‘uction tank, eight water-pressure tanks, each with a ca- 
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pacity of 7875 gal., five air-pressure tanks located in the 
attic, with a combined capacity of 7350 cu.ft. The water 
pumps are four in number, steam driven and of the com- 
pound duplex type, with a capacity of 963 gal. per min. 
each. The air is supplied by two steam-driven air com- 
pressors, each having a capacity of 80 cu.ft. of air per 
min. against a pressure of 225 lb. As this system has 
been on the market for a number of years, its principles 
of working are probably familiar to all. 

Three steam-driven Underwriter fire pumps, each with 
a capacity of 1000 gal. per min., furnish protection against 
fire. Naturally, all of these pumps are supplied with 
steam from the boiler room and in operation require no 
small amount. 

Supply 


In supplying steam, the boilers feed into two ring mains, 
one an auxiliary to the other. Through taps from the 
mains, high-pressure steam is carried to the various build- 
ings, a complete tunnel system being provided. At each 
point of supply a reducing valve connected between the 
two mains reduces the steam to 1 |b. pressure for the 
heating system. Two buildings are equipped with the 
Paul system, others have vacuum on the air line, and one 
building has a complete Webster system. 

During the winter months, the double engines on the 
coal hoist operate on the average three days a week. On 
such days the exhaust is turned into the auxiltary main 
and is sufficient in quantity to heat three of the latest 
buildings. The balance of the heating is done by live 
steam. The long main acts as an accumulator, and dis- 
tributes the supply over the nonoperating period of the 
hoist. When the hoist is in operation, it stores the steam 
at a pressure higher than that required in the buildings, 
and a sufficient quantity is stored to last until the next 
trip of the bucket. 


Fig, 5. UNDERWRITER FirE PuMPs AND PUMPS FOR 
GENERAL SERVICE 


All new buildings are provided with Johnson tempera- 
ture control, and with full ventilating equipment, such as 
cheesecloth strainers, tempering coils and Johnson humid- 


‘ jstats. In line with discussion that has been going on for 


the last year or two before hygienic and heating societies, 
the doctors have recently contended that window ventila- 
tion is better than artificial, so that this apparatus is in- 
operative at the present, but may be continued in service. 
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REFRIGERATING SYSTEM 
In the hospital, refrigeration is required in the kitchens, 


in the morgue and for the storage of pathological speci- 


mens. Large quantities of ice are also used. At the pres- 
ent the refrigerating plant consists of two 100-ton York 
absorption machines, and space has been left for a third 
unit which will be needed when the ice tank has been in- 
stalled and all of the new buildings are supplied with 
ice water for drinking purposes. As shown in the ac- 
companying photograph and line drawing the apparatus 
is of the shell and coil type, with the usual vertical stands 
for the generator, analyzer and exchanger. Steam at 5 
to 30 lb. pressure, depending on the temperature of the 
condensing water, is supplied from the boilers. With the 
exception of the condenser, which is of the atmospheric 
type and not of the new Shipley design, the plant is upto- 
date in every respect and is practically automatic in its 
operation. The condenser is 12 pipes high, 20 ft. long, 
and arranged on 25 stands. As usual 2-in. pipe is em- 
ployed. ‘the dehydrator is located on the roof just above 
the condenser. 

Salt water is used for cooling purposes. It is drawn 
from the East River through Elliott strainers by either 
of two Blake and Knowles pumps, which against a head 
of 30 lb. will deliver 500 gal. per min. Each piece of ap- 
paratus requiring cooling water is supplied separately, 
and when the water has served its purpose it is discharged 
to the sewer. The plant is equipped with three strong 
aqua pumps, 20 and 12 by 8 in., with Burnham steam 
ends and York ammonia ends. Each pump is equipped 
with a Mason pump governor, 2 Rochester lubricator and 
an American revolution counter. 

As the plant is of the absorption type, the brine sys- 
tem is employed. There are two brine coolers, one for 
each 100-ton plant. Calcium-chloride brine with a density 


Fia. 6. Two 100-Ton AssorPTion PLANTS 
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of 1.230 is used, and 570 gal. per min. are cooled fro:: a 
temperature of 15 to 10 deg. F. with cooling water a: 80 
deg. and steam at not over 30 lb. pressure in the ¢2n- 
erator.’ ‘The brine is cireulated by either of two puirps 
having a capacity of 250 gal. per min. against a head 
of 150 lb. The pumps are supplied with steam at 
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Fie. 8. Layout or REFRIGERATING PLANT 


80 lb. pressure and each is equipped with a Richardson 
sight-feed oiler, a Mason governor and a Schaeffer & 
Budenberg revolution counter. 

An unusually complete set of gages has been provided 
so that it is possible to know at a glance the pressure in 
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any part of the system. There are gages for receiver pres- 
sure generator pressure both ammonia and steam, ab- 
sorier pressure and boiler-steam pressure. There are also 
a combination suction and pressure gage to show the pres- 
sures of the brine supply and return, a gage to show the 
salt-water suction pressure, and an eight-day clock. 

\Ve are indebted to McKim, Mead & White, archi- 
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tects for the plant, for the accompanying drawings, and 
much of the information was obtained from M. J. Har- 
kins, supervising engineer of the hospital. For 14 years 
Mr. Harkins has been attached to Bellevue, and previous 
to this has had wide experience in marine and power- 
plant engineering. W. H. O’Neill is engineer in charge 
of the plant and W. T. Meinzer is operating engineer. 


Two Recent Southern Hydro- 
Electric Developments 


By G. SHEDDt 


SYNOPSIS—Principal features of the Stevens Creek 
development of 31,000 hp. transmitting power to Augusta, 
Ga., and the Parr Shoals development of 29,000 hp. sup- 
plying power to Columbia, S. C. 

A development of 31,000 hp., ultimate capacity, known 
as the Stevens Creek development, is being built for the 
Georgia-Carolina Power Co. on the Savannah River, 


a dam, having a total length, including the power house, 
of 2700 ft., a power house designed for an ultimate equip- 
ment of 31,000 hp., with a present installation of 15,600 
hp., and the lock, 30 ft. wide by 150 ft. long in the 
clear. A pond created by the dam extends about 14 
miles up the Savannah River and about 13 miles up 
Stevens Creek, and will have a surface area of about 4200 
acres. 


Fie. 1. GENERAL VIEW OF STEVENS CREEK Power House AND DAm Just Prior TO COMPLETION 


about eight miles above Augusta, Ga., to supply that 
locality, and another of 29,000 hp., ultimate capacity, 
known as the Parr Shoals development, is being built 
for the Parr Shoals Power Co. on the Broad River, about 
27 miles above Columbia, 8S. C. 


STEVENS CreEK DEVELOPMENT 


The location chosen for this development is just below 
the confluence of Stevens Creek with the Savannah River, 
and practically at the foot of a long series of rips in the 
Main river. The average horsepower available has been 
computed for a period of 27 years, and on a basis of a 
load factor of 3314 per cent. was found to be very rarely 
less than 20,000 delivered horsepower. 

GENERAL development consists of 


th *Srom a paper read before the American Association for 
e Advancement of Science, Atlanta, Dec. 30, 1913. 


‘Supervising engineer with the J. G. White Engineering 


Corps ration, 


Dam—The dam is of cyclopean concrete, the spillway 
section being 2000 ft. long of the ogee type, with an av- 
erage height of 30 ft., and a maximum height of 47 ft. 
The nonoverflow sections have a combined length of 233 
ft., with crest elevation 15 ft. higher than the spillway. 
The dam was designed to pass safely a freshet of 450,000 
cubic feet per second, which is almost 50 per cent. larger 
than the greatest freshet on record. 

In order to assist in operating flashboards on the dam, 
as well as to aid in taking care of water during construc- 
tion, and to provide a means for complying with the gov- 
ernment requirement that no water shall be stored, when 
the flow is below a certain specified limit, five sluice gates, 
8x8 ft. each, with venturi settings are provided through 
the spillway section adjacent to the lock, and are op- 
erated at present by hand from a' tunnel in the dam, al- 
though motors will be used in the future. Provision is 
made for the future use of flashboards, and sockets are 
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also provided for guard pins, to safeguard the men when 
operating flashboards. 

Hypravtic EquirpMent—The turbines are being fur- 
nished by the I. P. Morris Co., and are of the vertical, 
single-runner, single-discharg e type, 104 in. in diameter, 
set in a concrete spiral casing, and provided with con- 
crete draft tubes ; they will run normally at 75 r.p.m. The 
efficiency is expected to be better than 80 per cent. Hach 
unit is provided with a double floating-lever oil-operated 
governor, which canbe controlled from the switchboard 
or by hand. A central oil-pumping pressure system is 
provided, working normally at 200 lb. The exciter tur- 
bines are rated at 450 hp. at 200 r.p.m., and are of a type 
similar to the main turbines. 

ELECTRICAL EQuIPMENT—The electrical equipment of 
the first installation consists of five vertical Westinghouse 
revolving-field, three-phase, 60-cycle, 2300-volt generators 
rated at 2700 kv.-a., two 300-kw., 250-volt exciters and 
three 5400-ky.-a. transformers, stepping up from 2300 to 
44,000 volts. 


Parr SHOALS DEVELOPMENT 


The Parr Shoals development is located about | 
miles upstream from Peak and Alston, 8. C., and 2.14 
miles above Columbia. Based on past records, ani a 
weekly load factor of 3314 per cent., the delivered power 
at Columbia will only occasionally be less than 20,000 iip. 

GENERAL DeEscripTion—The development consists 
principally of a dam, having a total length of about 2740 
ft., including the power house, a power house 300x51 ft. 
in plan, a tailrace which is obtained simply. by widening 
and deepening the original east river channel, a doulle- 
circuit steel-tower transmission line, 26 miles long, to 
Columbia, and a substation at Columbia. 

The dam is of cyclopean concrete with the spillway sec- 
tion of the ogee type, 2000 ft. long, and an average height 
of about 39 ft. ; the maximum height is 55 ft. A short 
section of nonoy sedion dam, with its crest 15 ft. above the 
spillway, is constructed between the power house and the 
east shore, and a 15-ft. earth embankment, 300 ft. long, 
has been built on the west shore. 


Fie, 2. SHowine Metuop or Constructinc DAM AT 
STEVENS CREEK 


TRANSMIssION Lint—The transmission line to Augusta 
is approximately seven miles long, with galvanized-steel 
towers, designed for two circuits, with three wires on each 
side. The wire for the power circuits is No. 1/0, 17- 
strand, medium, hard-drawn copper, and the ground wire 
is 7; in., seven-strand, copper-clad cable, having 30 per 
cent. conductivity. The power circuits have one com- 


plete transposition between the power house and the sub- © 


station, and are hung on suspension-type insulators. 
SuspstaTioN—There is a substation at Augusta, which, 
on account of the limited ground space, was designed 
with two galleries. Here there will ultimately be in- 
stalled in three banks of three each, 2000-kv.-a., single- 
phase transformers, stepping down from 44,000 to 13,- 
000 volts. Only one bank of three transformers is at 


“present installed. Provision is also made to step down 


from 13,000 volts to the existing circuits in Augusta of 
2300 volts, two-phase. All of the switches in the substa- 
tion are of remote control, and will be controlled from the 
switchboard in the steam station of the Augusta-Aiken 
Railway & Electric Co., which is adjacent to the substa- 
tion. 


Fic. 3. SupstructurE oF Power House AT 
STEVENS CREEK 


The dam contains six sluice gates adjacent to the power 
house, with a clear opening of 7x9 ft., each. These have 
a combined capacity of about 14,400 cu.ft. per sec., with 
head water at the crest of the dam, and tail water at 
normal level. The operating devices for the sluice gates 
are located within the dam, and the crest of the dam is 
fitted with the flashboard sockets, which will later be used 
for 5 ft. of flashboards. 

Hypravutic EqurpMeNtT—The turbines are of vertical, 
single-runner, downward-discharge type, 86 in. diameter, 
and have draft tubes molded in concrete and so propor- 
tioned that the velocity is gradually decreased to 5 ft. 
per sec. The flumes are controlled by large steel gates, 
hinged at the bottom, and operated by means of a travel- 
ing hoist, running on tracks on the head wall. The tur- 
bines are designed to run at a speed of 100 r.p.m. and will 
furnish 3600 b.hp. at 35-ft. head with an efficiency of 86 
per cent. 

The governors are located on the main floor and ar- 
ranged to be controlled from the switchboard, although 
hand control is also provided. They are of the oil-pres- 
sure, double-floating-lever type, with a central oil-pump- 
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ing und pressure system, operating normally at 165 Ib. 
They are designed to control the speed within very nar- 
row limits, and eliminate entirely any hunting or racing 
tendency which causes so much wear and tear on the gate 
rigging. 


E.ectricaL APPpARATUS—For the present the electrical 
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ing voltage and phase of the Columbia Railway, Gas & 
Electric Co. 

ConstrucTion—Authorization to proceed with these 
two projects was received at about the same time in the 
latter part of June, 1912. Construction forces were im- 
mediately organized, camps built, wagon roads and rail- 


Fic. 4. GENERAL VIEW OF PARR SHOALS DEVELOPMENT FROM DoWN-StTREAM SIDE 


equipment will consist principally of five revolving-field, 
three-phase, 40-cycle, 2300-volt, 3100-kv.-a. (at 75 per 
cent. power factor) generators, two 300-kw., 125-volt ex- 
citers and three three-phase transformers, each of 6200- 
kv.-a., stepping up from 2300 to 66,000 volts. Ultimately, 
eight units will be installed. 

TRANSMIssIoN LinrE—The transmission line is being 
built at present to Columbia, and consists of galvanized- 
steel, double-circuit towers carrying stranded medium- 
hard-drawn No. 1/0 copper wire. 


roads constructed in order to deliver material and con- 
struct the plant as cheaply as possible. As both projects 
were away from settlement of any size, it was necessary 
to provide accommodations for practically the entire 
force. At Stevens Creek the maximum number of men 
employed at one time was about 800 and at Parr Shoals 
about 1100, which, with the families, made a total popu- 
lation to provide for of about 1200 and 1500 people re- 
spectively. Great care was taken to safeguard the health 
of the camps, pure filtered water and sewerage systems 


Fic. 5. Parr SHoats Power Hovusrk AND DaM FROM 
Up-StreEAM SIDE 


Stsstarron—A substation located in Columbia has 
been built, which will also act as a distributing station for 
the present hydro-electric plant and steam plant of the 
Columbia Railway, Gas & Electric Co. All the power 
senerated by these two plants, and the plant at Parr 
Shoals will be distributed from this station. There will 
be twa distributing voltages, 13,000 and 3400 volts, both 
40-cvcle, three-phase. The latter is the present distribut- 


Fic. 6. SupstrucTURE AND Forms For Drarr TUBES 
av Parr SHoAts Power House 


being provided, and a hospital, fully equipped, with a 
resident physician always in attendance. As the Stevens 
Creek camp was only a mile or two from the intake of the 
Augusta water-works, additional precautions had to be 
taken to safeguard Augusta. For this reason incinerators 
were provided, and a filter bed used to purify wash water 
from the sewerage system. The wisdom of these precau- 
tions has been proved by the remarkable freedom from 
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sickness in both camps. Malaria was very prevalent in 
the vicinity about both camps, but by using methods sim- 
ilar to those found so effective at Panama, this has given 
no trouble, except for the first few months at Stevens 
Creek. For the protection of the camp, a fire brigade was 
organized ; telephones and electric lights were also pro- 
vided, and to keep the men contented, athletic sports have 
been encouraged, such as baseball, football, tennis and 
trap shooting. 

Preliminary to the construction of the dam a coffer- 
dam was built, consisting of a series of rock-filled crib 
piers with 12-ft. openings between, which were later 
closed by stop logs, or open cribbing, with the upstream 
face sheathed and toe-filled. Later, and before the final 
closure was made, these openings were shot out, and the 
water passed through to the sluice gates and temporary 
openings which had been left in the dam for this purpose. 

Quarries and sand pits were opened, and very efficient 
stone-crushing and concrete-mixing plants were set up, 
having a capacity of 1000 cu.yd. of well mixed concrete 
per day. 
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The general scheme adopted was, whenever possible, to 
start the various features of the work at such time: as 
would bring their completion as nearly as possible to the 
date of delivering power. In this way one of the most 
expensive items, that of interest during construction, was 
reduced toa minimum. Work on the substructure of the 
power house was started first; then the sections of dam, 
containing sluice gates and temporary openings, followed 
by the main dam, substation, transmission line, power- 
house superstructure, and finally the power-house equip- 
ment. 

It is expected that the Stevens Creek development will 
be ready to deliver power some time this month and the 
Parr Shoals development very shortly, which is only about 
a year and a half from the date of beginning work, a 
very short time for developments of this magnitude. 

The entire work of engineering and construction on 
both projects, except the raising of the Southern Railway 
is being handled by the J. G. White Engineering Corpora- 
tion, of New York. 


The Induction Motor--VIl 


By F. A. ANNETT 


CoMMUTATOR-TYPE SINGLE-PHASE MOTORS 


The split-phase starting, single-phase induction motor 
can be successfully designed to meet certain requirements 
of service, such as constant speed, starting under loads 
that do not require large starting torque and where a 
large starting current is not objectionable. It, neverthe- 
less, fails to meet the requirements for accelerating loads 
that demand a large starting torque with reasonable start- 
ing current, also for varying and adjustable speed service. 
To successfully meet this demand several types have been 


developed, each employing a commutator and known in 


general as commutator-type single-phase motors. 

To those familiar with the direct-current machine, the 
series type of these single-phase motors will appear sim- 
ple, but designing engineers have had many difficulties 
to overcome in successfully developing these alternating- 
current series motors, which have brought about many 
radical departures from the principles involved in the 
direct-current machine. Among these is the laminating 
of the field frame and poles to keep down the eddy cur- 
rents set up by the action of the alternating flux, instead 
of solid cast-iron or steel as in the direct-current ma- 
chine. Also, the number of coils on the armature is in- 
creased with a corresponding increase in the number of 
commutator bars; and high-resistance carbon brushes are 
used with a resistance connected in series with the coils 
on the armature between the coils and commutator bar. 
All this is to prevent sparking at the brushes due to the 
transformer action set up in the short-circuited coils un- 
der commutation, and a compensating winding placed in 
slots in the pole faces prevents armature distortion. 

This type of series alternating-current motor possesses 
the same speed and torque characteristics as the direct- 
current series motor operating through wide ranges of 
speed and torque with no inherent speed regulation and 
if the load is removed the speed will increase without 


limit. On the other hand, if the load is increased the 
motor slows down very greatly with a large increase in 
torque. The chief application of this type of motor is for 
railway work and cranes, where the motor is continually 
under the guidance of an operator. 


POWER 


Fic. 53. Stator or G. E. Reputstion Motor 


There are many classes of service demanding a motor 
having good speed regulation after being brought up to 
speed and with a torque which increases as the speed de- 
creases or characteristics approaching the direct-current 
compound motor. Single-phase alternating-current mo‘ ors 
of this type are usually known as repulsion induc’ ion 
motors. The stator is constructed very similar to ‘he 
polyphase induction motor except that it has but one 
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wind.»g, concentrated so as to form distinct poles. Fig. 
53 shows the complete stator of a G. E. riveted-frame re- 
pulsion induction motor. The rotor is constructed the 
same as the armature of a direct-current machine but in- 
stead of the armature current being supplied from an out- 
side source as in the direct-current motor, the brushes 
are short-circuited and the current is induced in the rotor 
by the flux set up by the current supplied to the stator. 
The following will explain the action: 

To understand a simple analysis of the repulsion motor 
it is necessary to keep in mind, first, the law governing 
the operation of an electric motor, which is, essentially, 
that a current passed through a wire in a magnetic field 
causes the wire to move at right angles to the lines of 
force, the direction of motion of the conductor depending 
upon the direction of the current in the conductor and 
the direction of the lines of force in the magnetic field. 
This is shown by reference to Fig. 54, a and b. Ina is 
shown a conductor in a magnetic field the lines of force 
of which are passing from the north to the south pole, as 
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is of opposite direction to that setting up the magnetic 
flux. This is shown in Fig. 55. Consider coil a connected 
to a source of alternating current and the current at the 
instant flowing in a direction as indicated by the arrow- 
heads. This will set up a varying magnetic flux through 
the core of a polarity as shown, which will induce an 
e.m.f. in coil b opposite to that applied to coil a, and if 
the terminals of coil b are closed through a resistance R, 
a current will be set up in it in a direction opposite to 
the current in coil a. 

In Fig. 56, consider a closed-coil armature between two 
field poles, the two field coils connected to a source of 
alternating current and the current at the instant in a 
direction to produce north and south poles, as shown. As 
the flux from the field poles thread through the armature 
coils it induces an e.m.f. in them opposite to that ap- 
plied to the field coils, or in a direction shown by the 
arrow-heads, which indicates that the current in the field 
is flowing in one direction at the right-hand side and in 
the opposite direction at the left-hand side. The e.m.f. 
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Fies. 54 vo 61. ILLUSTRATING CURRENT ACTIONS IN THE 
REPULSION Motor 


indicated by the arrows. The conductor is carrying cur- 
tent down through the plane of the paper which sets up 
lines of force about it in a clockwice direction. This mag- 
netic field set up about the conductor reacts upon the 
field from the polepieces and distorts it. This distortion 
tends to force the conductor to the left as indicated. If 
the current is reversed in the conductor as at b, flowing 
up through the plane of the paper, the lines of force set 
Up about the conductor will be in an anti-clockwise di- 
rection, This will distort the lines of force from the pole- 
Pleces in the opposite direction, and the motion of the 
conductor will be to the right. 

The second rule to bear in mind is: When a varying 
Magn«'ic field threads through a coil of wire it sets up an 
electromotive force that will cause a current to flow which 


FIG.59 


induced in the armature coils varies in value from zero 
at points a and 6 at the center of the polepieces to a maxi- 
mum at points ¢ and d between the polepieces, for at 
points a and b the flux divides and passes through each 
half of the armature coil, therefore, the coils at this point 
will have no lines of force threading through them, while 
coils at points ¢ and d will have a maximum flux passing 
through them which will induce a maximum e.m.f. It 
will also be seen that the e.m.f. in the right-hand half of 
the armature is in opposition to that in the left-hand half 
so there will be no current set up in the coil, therefore 
no torque will be developed. 

Now let the coils be connected to a commutator, as in 
Fig. 5%, with brushes placed on the axis ab and connected 
together by a conductor J. This is the point of maximum 
e.m.f. across the armature. This current is flowing in 
the opposite direction under each half of the polepieces, 
and by referring to Fig. 54, it will be seen that the cur- 
rent under the right-hand half of the north pole (Fig. 
57) produces a torque to the left; likewise under the left- 
hand half the current in the conductors is in a direction 
that produces a torque to the right, as shown by the 
curved arrows ¢ and ¢’. The same condition exists under 
the south pole. From this it will be seen that, although 
a maximum current is set up in the conductors it is of 
such a direction that the torque developed in one-half of 
the armature is opposite to that developed in the other 
half, therefore, the turning effort cannot impart any mo- 
tion to the armature. 

If the brushes are placed on the axis cd, as in Fig. 58, 


FIG.58 

b. 57 : 
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and the current is supplied to the armature from an out- 
side source, these brushes will be in a position to produce 
a maximum torque, for all the conductors under each pole 
are carrying current in the same direction. Consider the 
current at the instant of a direction as shown by the 
arrow-heads. Again referring to Fig. 54, it will be seen 
that the current in the conductors in Fig, 58 is of such a 
direction as to produce a torque in a clockwise direction 
under both the north and south poles. 

Consider again that the current in the armature con- 
ductors is set up by the induced e.m.f. produced by the 
varying magnetic flux from the polepieces and that the 
brushes are set on the axis cd and short-circuited by the 
conductor /, as shown in Fig. 59. It will be seen that no 
current will flow, for the e.m.f. induced in section ac of 
the armature is opposite to that induced in section ad; 
likewise, for sections be and bd; that is, the e.m.f. at c 
is equal and opposite to the e.m.f. at d. Therefore, no 
current will flow in the armature conductors and no 
torque will be produced. 

If the brushes are set at some intermediate point be- 
tween the axis ab and cd, such as ef, Fig. 60, a current 
will be set up in the armature conductors of a direction 
shown by the arrow-heads. By referring to Fig. 56 and 
comparing the direction of the e.m.f. in the armature 
coils with that of the current in the armature coils in sec- 
tion af and be, Fig. 60, it will be seen that the current in 
af and be is opposite to the direction of the e.m.f. in a 
corresponding section of Fig. 56. This being true, the 
e.m.f. effective in setting up current through the brushes 
is that induced in sections ae and bf of the armature 
minus the e.m.f. induced in sections af and be, respec- 
tively. This is equal to the e.m.f. in the coils located be- 
tween the point eg and fh, respectively. 

By referring to Fig. 53 and applying Rule 1, to Fig. 
60, it will be seen that the current under each polepiece 
is in a direction that will produce a torque as indicated 
by the curved arrows ¢ and ¢*. With reference to axis ab, 
this is in a direction with the lead of the brushes. This 
is true of all repulsion induction motors—they revolve 
in the direction that the brushes are shifted with refer- 
ence to the axis of the field poles. All that is necessary 
to reverse the direction of rotation of the motor is to 
shift the brushes backward to the position gh, as in Fig. 
61, and the current will be in a direction, as shown by 
the arrow-heads. By applying the rules for the movement 
of a conductor carrying a current in a magnetic field, it 
will be seen that the armature will turn in a anti-clock- 
wise direction, as shown by the curved arrows. 

This type of motor develops about 250 per cent. full- 
load starting torque for 250 per cent. full-load current 
when connected directly across the line, but if operated 
as a repulsion motor it has speed and torque character- 
istics of a series motor, which makes it unsuited for con- 
stant-speed service under varying loads; therefore, most 
all single-phase motors of this type are only started by 
_the repulsion principle. After they have attained nearly 
synchronous speed a centrifugal device located in the in- 
terior or at one end of the rotor removes the brushes from 
the commutator and at the same time short-circuits the 
commutator segments, thus converting the machine into 
one that has the characteristics of a squirrel-cage motor 
and practically a constant speed from no load to full load. 
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Cyclical Changes of Tempe: a- 
ture in a Gas-Engine Cylinder 


In a paper read hefore the Institution of Civil Fugi- 
neers on Dec. 16, Prof. E. G. Coker and W. A. Scoble 
gave an account of experimental work carried on during 
the past four years to determine the cyclical changes of 
temperature at the surface and in the walls of the cylin- 
der of a gas engine; also the temperature of the explosive 
charge itself. The engine used for this investigation was 
of a standard type made by the National Gas Engine (o., 
and developed 12 hp. at 240 r.p.m. 

The temperature measurements were made by means 
of thermo-electric coupies with the inclusion in the circuit 
of a revolving contact-maker enabling the temperature 
to be determined at any point of the cycle. The surface 
metal temperatures and their cyclical changes were in- 
vestigated at the centers of the inlet and exhaust valves, 
and at three points on a vertical diameter of the piston. 
Cast-iron plugs with their faces turned very thin were 
inserted at these points, and iron wires let through and 
riveted on the face of the metal to form the couples. The 
highest temperature found was at the center of the ex- 
haust valve, this being 752 deg. F. The highest tempera- 
ture at the inlet valve was 590 deg. F., and at the center 
of the piston, 644 deg. The cyclical change was greatest 
at the center of the piston, where, in one case with a 
minimum mixture and cold jacket, it was 176 deg. F. 
This large range was due principally to low temperature 
at the beginning of the suction stroke. <A richer mixture 
or warmer jacket eliminated this low temperature and 
reduced the range to about 100 deg. 


PV 
Values of —F ~were calculated for several points on an 


expansion curve and found to be high at the explosion 
because the measured temperature was low; but they 
settled to consistent values near the middle of the work- 
ing stroke. 

The temperature of explosion was found to vary from 
3309 to about 4000 deg. F., the latter value being ob- 
tained in a very rich mixture. 

The cyclical variations of temperature in the exhaust 
pipe were also investigated. The maximum temperature 
during exhaust was found to be between 930 and 1020 
deg. F. 

In conclusion, it may be said that the temperature was 
governed mainly by that of the jacket water at outlet, 
and that the temperature drop along the barrel of the 
cylinder was very steep with rich mixtures, the latter ef- 
fect being due to the high temperature of the metal sur- 
rounding the explosion chamber. 

A Benevolent Fund has been established by the Institu- 
tion of Mechanical Engineers of Great Britain, to give finan- 
cial aid to prominent members who may through no fault of 
their own become destitute. A public meeting was recently 
held to arouse interest in the project and some $20,000 has 
already been contributed toward the fund. The plan of oper- 
ation is to keep the fund invested and use the income only 
for the relief of deserving cases. It will be manifest that 
with 6000 members the income from a small fund will be 


sufficient to give substantial relief only in occasiona! iso- 
lated cases. It does at times happen, however, that eng!- 


neers who have held high rank in the profession and to whom 
the profession as a whole may be largely indebted my in 
their declining years be placed in a position where the aid 
ordinarily afforded by friends and relatives in such cases }§ 
unavailable and the members of the profession itself ou::it to 
extend relief. 
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By E. N. Irwin 


sYNOPSIS—Air, steam and water as mediums for the 
distribution of heat. Figuring the heat losses from a 
building and the radiating surface required. 

The first forms of heating apparatus comprised open 
fire places and stoves of different types; but these were 
applicable to single, or at the most two or three, rooms. 
The heat of the fire was dissipated by radiation and to a 
limited extent by convection. The hot-air furnace was 
the next development to heat several rooms from one 
fire. For the reasons stated in the first article under the 
above title, the hot-air furnace is seldom used except for 
small installations, and here for the purpose of reducing 
the initial cost. Its bulk for a given capacity is com- 
paratively great and the nature of the medium limits the 
efficient transmission of heat any distance. In larger in- 
stallations, if the hot-air system is of ample capacity to 
do the work, there is little difference in the initial cost 
as compared with other forms of apparatus. 

For all installations of any size water or steam ap- 
paratus is used with either direct or indirect radiation. 
Direct radiation as the name implies means radiators or 
any form of heating surface placed in the rooms to be 
heated. Indirect radiation is a special form intended 
to be placed at the base of a flue in order that air may be 
heated and passed into the room for ventilation. The 
air may be circulated by gravity or by mechanical means. 

In all large installations where ventilation is required 
the latter is treated as a separate problem from the heat- 
ing. This is especially true where the building is of a 
public or semi-public character where mechanical venti- 
lation would be required only a few hours out of the 24. 
The buildings are heated by direct radiation and the air 
supply is operated only when the building is occupied. 
In dwellings and small buildings gravity air supply is 
used as a heating medium and to furnish ventilation at 
the same time. 

In many factories the heating is accomplished by means 
of an air supply recirculated over indirect steam or water 
radiators. This method of heating is generally attractive 
due to the low initial cost. The major portion of the ap- 
paratus consists of the ducts, etc., and their cost is gen- 
erally concealed in the builders’ contract. The heating 
apparatus then comprises simply a fan heater, engine or 
motor and the immediate duct and steam connections to 
the fan heater and engine. 

Direct-indirect radiation is a form of direct radiator 
placed in the room, with an air connection to the outside 
for ventilation. These radiators are provided with a box 
base-and the heating surface is more or less jacketed in 
order that the outside air may be brought in contact with 
the surface of the radiator. Dampers are provided so 
that the air connection to the outside may be shut off and 
the air of the room recirculated. This is only a make- 
shift as far as ventilation is concerned, as the air sup- 
Ply is uncertain and inadequate, and the jacketing of the 
Tadiator destroys its efficiency as direct heating surface. 
In some cases the air current will be found to be from 
the room out of doors instead of inward. 


The primary objects of a heating apparatus are to 
maintain the space to be heated at a livable temperature, 
say, 65 to 72 deg., regardless of the outside weather, and 
to transmit the greatest amount of heat per unit of sur- 
face in the shortest space of time with a minimum ab- 
sorption of heat in raising the temperature of the ap- 
paratus and the heating medium. 

Just as a radiator dissipates the heat of the heating 
medium to the rooms, the building radiates the heat to 
the outside. When the dissipation of the heat of the radi- 
ators exceeds that given off by the building the room tem- 
perature rises and when the rate per unit of time is less 
the room temperature drops. To maintain a constant 
temperature efficiently requires a medium that can be 
readily varied in temperature, and an apparatus and 
medium whose mass will absorb the minimum of heat 
for each temperature change. 

In the temperate zone the outside temperature may 
vary from 70 deg. when no heating is required, to zero 
or even —20 deg., depending on the locality. All heating 
systems should include sufficient radiation to maintain 


TABLE 1. PERCENTAGE OF MAXIMUM LOAD AND NUMBER OF 
HOURS FOR EACH TEMPERATURE PERIOD 


Temperature Per Cent. Per Cent. of Hours Each 
Period Max. Load Season Period 
0 100 

0-10 93 1.29 66 

10 - 20 80 5.25 264 

20 - 30 65 16.47 829 
30 - 40 50 29.13 1471 

40 - 50 25 22.49 1122 
50 - 60 15 25.37 1275 
100.00 5027 


the required room temperature in the coldest weather. 
Some engineers recommend somewhat less than the maxi- 
mum due to the limited period of extreme weather. The 
few hours of maximum operation then require a higher 
temperature and pressure when steam is the medium and 
a higher temperature in the case of hot water. The source 
of heat, however, whether boiler or heater, must be cap- 
able of supplying the maximum requirements in heat 
units at the higher temperature of the medium. 

Table 1 gives the percentage of the maximum require- 
ments for each 10-deg. period in the vicinity of New 
York, as well as the percentage of time for each period 
in the entire heating season of about 5000 hr. The 
weather bureau reports giving the maximum and mini- 
mum daily temperatures were plotted on thermometer 
charts, and the total hours for each period determined. 

Attention is called to the fact that there is consider- 
able time even in January and February when the tem- 
perature is 49 to 50 deg. This table shows that the maxi- 
mum load lasts only 1.3 per cent. of the time, and 75 per 
cent. of the time the demand for heat is less than one- 
half of the maximum in zero weather. 

A heating system to be efficient should be capable of a 
wide range in temperature or capacity and quickly ad- 
justable to suit varied requirements. Where the tempera- 
ture of the medium is nearly constant, as in the case of 
low-pressure steam, the only method of varying the heat 
supply is by shutting off and turning on radiators either 
by hand or automatically. When the'steam pressure may 
be varied though a considerable range, there is room for 
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adjustment, as each variation in poem changes the 
temperature of the medium. 

Water can be varied in temperature through a range 
of 120 deg. and as a rapid change is possible at any dis- 
tance if the circulation is forced, it makes the most desir- 
able and efficient heating medium. Hot air can also be 
varied through a considerable range of temperature, but 
its specific heat limits its carrying capacity and makes 
the losses in transit excessive. 

The first consideration in the design of any heating 
apparatus is the heat losses, expressed in B.t.u., from the 
building by radiation and leakage in extreme weather for 
the particular locality. In New York the lowest outside 

temperature is taken at zero and the following indoor 
temperatures are used in many cases, although in spe- 
cial manufacturing plants the owners generally specify 
the requirements. 


Vol. 39, No. 3 


The construction of the building, as indicated ©: the 
plans, will determine what factors should be used : 
particular case. 

Many rules are given for estimating the amovat of 
radiation and large percentages are added for levkage, 
exposure, prevailing winds, etc. These additions vender 
the result merely an outside guess and will generally give 
too much radiation. Some use a ratio of radiating sur. 
face to cubic contents of the’ building based on the in- 
dividual’s experience. This is proper for the individual 
but is dangerous for others without experience. 

It is the custom of the author to add nothing for ex- 
posure or prevailing winds. The sun may be obscured 
for long intervals and winds are liable to blow from any 
direction, so that these variables are as likely to affect one 
side of a building as another at different times. Where 
there is a likelihood for the exposure of the building af- 
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TABLE 2. HEAT TRANSMITTED THROUGH VARIOUS KINDS OF SURFACES IN B.T.U. PER HR. PER SQ.FT. 


Cooling Thickness Wall, 
Surface In. 1 40. 45 50 55 
4 0.654 26.3 29.6 33 6.2 
Solid 8 0.458 18.3 20.6 23 25.2 
B ok 12 0.315 12.6 14.2 15.8 17.3 
Walls 16 0.258 10.3 11.6 12.9 14.2 
| 20 0.228 9.1 10.3. 11.4 12.5 
24 0.194 7.26 8.73 9.7 10.7 
Solid 12 0.45 18 20.2 22.5 24.8 
Stor 16 0.39 15.6 17.6 19.5 21.5 
Walls 20 0.35 14 15.8 17.5 19.3 
0.32 13.8 14.4 16 17.6 
0.85 34 38.2 42.5 46.7 
Solid 0.785 31.4 35.3 39.2 43.2 
Cc - t 0.56 22.4 25.2 28 30.8 
Walls ‘a 0.49 19.6 22 25° 2 
— 0.42 16.8 16:9 31 23.1 
0.37 14.8 16.6 18.5 20.3 
Wood | Frame Mio con. 0.29 11.6 13 14.5 16 
Wall Factory building... 0.24 9.6 10.8 12 13.2 
alls Factory building.... 0.46 18.4 20.7 28 25.3 
1.10 44 49.5 55 60.5 
Windows | eee 0.572 22.9 25.7 28.6 31.4 
| Wie 1 40 45 50 55 
Skylights { 0.621 24.8 28 31 34.1 
65% w., 35% g..... 0.572 22.9 25.7 28.6 31.4 
Doors 0.414 16.6 18.7 20.7 22:8 
{ Joist with double floor....... 0.07 28 3.15 3.5 3.85 
2 | Stone floor on arch.......... 0.2 8 10 ll 
8 { Planks laid on earth.......... 0.16 me 22 8 8.8 
f& | Planks laid on asphalt........ 0.2 8 9 10 11 
Stones laid on earth.......... 0.29 11.6 13.1 14.5 16 
& } Joist with single floor......... 0.1 4 4.5 5 5.5 
*g |) Arches with air space......... 0.14 5.6 6.3 reef 
Cor. iron with 4-in. framing... 2.14 85.6 96.3 107 118 
Tile with 4-in. framing........ 1 40 45 50 55 
Copper on 1-in. framing...... 0.45 18 20.2 22.5 24.8 
Zinc on 1-in. framing......... 0.45 18 20.2 22.5 24.8 
Slate on l-in. framing........ 0.43 17.2 19.4 21.5 23.6 


Office, schools and dwellings, 70 deg.; foundries, 50 
deg. and generally intermittently operated ; storage places, 
40 deg. to prevent the sprinklers freezing; paint shops. 
70 to 75 deg. with a dry atmosphere; machine shops, 65 
to 70 deg.; textile mills, 70 deg. with a high — of 
humidity. 

The heat losses comprise the radiation of heat Sena 
walls, windows, skylights, floors and roofs. Only such 
portions of individual rooms are included as are exposed 
to lower temperatures than that of the room under con- 
sideration. Partitions and floors between rooms to be 
heated are not considered. Where floors or walls are be- 
lew grade, the temperature of the ground should be taken 
at about 40 deg. instead of the lowest outside tempera- 
ture. Air spaces in walls or under the roof and double 
windows with an air space reduce the losses by radiation 
by a considerable amount. 

Table 2 gives the factors in B.t.u. per hour for different 
kinds of building construction for all temperature dif- 
ferences between the room and outside up to 100 deg. 


Difference in Temperature, deg. F. 
60 70 


65 75 80 85 90 95 100 
39.5 42.8 46.1 49.4 52.7 56 59.3 62.5 65.8 
27.5 29.8 32.1 34.4 36.2 39 41.3 43.6 45.8 
18.9 20.5 22 23.6 25 2 26.8 28.4 29.9 31.5 
15.5 16.8 18.1 19.4 20.6 21.9 23.2 24.5 25.8 
13.7 14.8 16 ay .4 18.2 19.4 20.5 21.6 22.8 
11.6 12.6 13.6 14.6 15.5 16.5 17.5 18.4 19.4 
27 29.2 31.5 33.8 36 38.2 40.5 42.7 45 
23.4 25.4 27.3 29.3 31.2 33.2 35.1 37 39 
21 22.8 24.5 26.3 28 29.8 31.5 33.2 35 
19.2 20.8 22.4 24 25.6 27.2 28.8 30.4 32 
51 55.2 59.5 63.7 68 72.2 76.5 80.7 85 
47.1 51 55 58.9 62.8 66.7 70.7 74.6 78.5 
33.6 36.4 39.2 42 44.8 47.6 50.4 53.2 56 
29.4 31.8 34.3 36.7 39.2 41.7 44.1 46.5 49 
25.2 27.3 29.4 31.5 33.6 35.7 37.8 39.9 42 
22.2 24 25.9 27.7 29.6 31.4 33.3 35.1 37 
17.4 18.8 20.3 21.7 23.2 24.6 26.1 27.5 29 
14.4 15.6 16.8 18 19.2 20.4 21.6 22.8 24 
27.6 30 32.2 34.5 36.8 39 41.3 43.7 46 
66 71.5 77 82.5 88 93.5 99 104.5 = 110 
34.3 37.2 40 42.8 45.7 48.6 51.4 54.3 57 
60 65 70 75 80 85 90 95 100 
61.8 67 72.2 77.3 82.4 87.6 92.7 97.8 1038 
37.2 40.4 43.4 46.6 49.7 52.8 55.8 59 62 
34.3 37.2 40 42.8 45.7 48.6 51.4 54.3 57 
24.8 26.9 29 31.1 33.2 35.2 37.3 39.4 41.2 
4.2 4.55 4.9 5.25 5.6 5.95 6.3 5.65 7 
12 13 14 15 16 17 18 19 20 
9.6 10.4 11.2 12 12.8 13.6 14.4 16.2 16 
12 13 14 15 16 17 18 i9 20 
i7.4 18.9 20.3 21.8 23.2 24.6 26.1 27.6 2 
6 6.5 7 7.5 8 8.5 9 9.5 10 
8.4 9.1 9.8 10.5 11.2 11.9 12 13.3 14 
129 139 150 161 ivi 182 193 203 214 
60 65 70 75 80 85 90 95 100 
27 29.2 31.5 33.8 36 38.2 40.5 42.7 45 
27 29.2 31.5 33.8 36 38.2 40.5 42.7 45 
25.8 28 30.1 32.2 34.4 36.6 38.7 41.8 43 
16.2 17.6 18.9 20.2 21.6 23 24.3 25.6 27 


fecting the heating of one side or section differently from 
another, the piping can be easily provided with control 
valves so that the particular section may be regulated in- 
dependently from the remainder of the building. 

The accompanying form, used by the writer and shown 
near the top of page 91, includes all quantities used 
in the calculations for the radiation of a building. This 
can be filed for reference and used afterward in 
checking any part of the work. All rooms are given a 
number as well as the name generally indicated on the 
architect’s plan. The cubic contents, glass surface and 
wal! surface are determined and placed in the proper 
columns, as shown. 

In place of adding for exposure the writer uses the 
column marked air change, giving the cubic contents of 
the room, which is multiplied by the factor in Table 4 
for the proper temperature difference between the room 
and outside. These factors are the B.t.u. required to 
raise one cubic foot of air the number of degrees at the 
head of the column. The temperature outside is as-umed 
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+ —10 deg. and with the room at 70 deg. the factor Cast-iron radiation is built in heights from 15 to 45 
vould be 1.64 B.t.u. for 80 deg. difference. in. and from one column to five columns. Most radiators 
For all rooms under 4000 cu.ft. of volume, one change are standardized so there is little difference in the prod- 
ver hour is used and from 4000 to 10,000 cu.ft., one ucts of the different manufacturers. It is always best to 
hange in two hours. The larger the room the greater the obtain as good distribution as possible, and where it is 
ime estimated for the air change. impossible additional radiation should be provided. Cast- 
No. 12 is presumed to be a corner room with three iron radiation well distributed will give up 1.7 B.t.u. per 


lasso Cubic Air Wall Glass FI. B.t.u. Losses Air Supply ———— ——Direct Radiation——. Ratio 

Room 3 Con- Change Sq. Sq. Sq. _ Air Wall Glass Floor $4 &,¢ CuFt. Sq. Sa. Rad. to 

aa Sl tents Cu.Ft. Ft. Ft. Ft. Change or Total Pu- 5.3% F per Ft.on Ft. Type Cu. Cont. 

No Size Roof pis Min. In- B.t.u. Ac- 

No. Og Basis stld. Basis tual 

2 N.E. 24x30x12 8640 4320 816 192 720 7085 14,851 16,896 4608 43,440 40 fas 80° 1400 196 190 Y. inde 44 46 

ol.-90 sec. 

4 E. 24x20x12 5760 5000 352 128 ... 8200 6,406 11,264 .... 25,870 25 9.4 80° 900 117 120 =. 2 col. 48 48 
sec. 

16 W. 24x20x12 5760 5000 352 128 ... 8200 6,406 11,264 .... 25,870 25 9.4 80° 900 117 120 <i 2 col. 48 48 
sec. 


Total 95,180 
Remarks and Factors Used: 


Max. O.T. = —10°; I.T. = 70°; Av. temp. rad., 200; Trans. per deg., 1.7; Wall fac., 20’ brick,18.2 B.t.u.; Glass fac., 88 B.t.u.; Roof fac., 21.6 + 2; Floor 
fac., 6.4; B.t.u. per sq.ft. rad., 221; Air change 1.64 B.t.u. per cu.ft. 


sides exposed and with six windows, 8x4 ft., or 192 sq.ft. sq.ft. per hr. per deg. difference, but if wide high radi- 


of glass. The wall surface is ators are used this may be reduced to 1.5 B.t-u. Tf low 
(30 + 30 + 24) & 12 = 1008 sq.ft. radiators five loops wide are used they are as efficient as 
1008 — 192 = 816 sq.ft. the narrow high radiator. Pipe coils and single-column 


of net wall. Room No. 12 will also have %20 sq.ft. of radiators on temperatures averaging over 200 deg. will 

for. All factors, as taken from Table 2, should be transmit 1.8 Batu. per deg. difference. 

ylaced in the remarks space. The following Btu. . The rate of transmission depends largely on the veloc- 

loses can now be determined for this room and placed ity of the air over the outside and that of the medium 

uder the proper headings: within. The higher the temperature of the radiator the 
faster the air flows over the surface, and the more rapidly 


Btu. the medium is circulated through the radiator the greater 


720 X6.4 = 4,608 In estimating the radiation for gravity hot-water heat- 
Total 43,440 ing the drop fer which the job is designed and the initial 


temperature will determine the average temperature of 
the radiation. If the system were planned for a 30-deg. 


drop and the maximum temperature is 190 deg. the av- 
TABLE 3. HEAT UNITS EMITTED PER HR. PER SQ.FT. OF CAST- erage temperature of the radiation would be 
IRON RADIATION 


Table 3 gives the transmission of radiation under dif- 
ierent temperature conditions of room and heating sur- 


Steam Steam Temperature of Room, Deg. F. 190 + 160 we 
Pressure Temp. 40 45 50 55 60 65 70 75 80 85 90 95 100 —~—— = 175 deg. 
40 287 420 412 402 395 386 378 370 360 352 344 335 327 318 2 
5 2 386 -347 335 327 293 284 ras ci in closed avate ‘th 3 
250 73 B56 890 890 S21 314 305 B00 370 the water as circu with 5 
o : 4 323 315 306 298 289 2 264 255 - pressure on the expansion tank, th ard tempera- 
10 240 340 332 323 315 306 298 289 281 272 264 255 247 238 P 
5 227 318 310 301 292 284 276 267 259 250 241 233 225 216 ~=ture could be 220 deg. without boiling the water out of 
0 212-292 284 276 267 255 250 241 233 225 216 204 198 191 - 
tints the system. If the return was 200 deg. the drop would be 
5} 200-272 264 255 247 238 230 221 213 204 196 187 177 170 20 deg. and the average temperature 210 instead of 175 
10 190 255 247 238 230 221 213 204 196 187 177 170 162 153 a h 
1B 180 238 230 221 213 204 196 187 177 170 162 153 145 136 deg. The heater or boiler must have the same capacity 
6 187 1 3 36 128 119 1 -NITS PER CU B 
150 187 177 170 168 168 145 136 128 119 110 loz  TABLE4. HEAT UNITS PER CU.FT. OF AIR PER HOUR PER DEGREE 
DIFFERENCE OF TEMPERATURE BETWEEN ROOM AND OUTSIDE 
fae. A flat transmission rate is used in this table of  Desree difference............ 30 35 40 45 
L? Bt 0.616 0.718 0.821 0.923 
“ 5Uu. per square foot per degree difference per hour. Degree difference............ 50 55 60 65 
As the room is %70 deg. and the medium 200 deg. aver- Heat 1.026 1,129 1.231 
age, t} Degree difference............ 70 75 80 
radiation will transmit 221 B.tu. per hr. By Heat 1.436 1.539 1.641 
the British thermal units per hour by 970.4, the 
*nensation in pounds from and at 212 deg. is obtained, Degree difference.......... 110 120 130 140 
and by lividi . 2.257 2.462 2.667 2.873 
el dividing the condensation by 34.5 gives the boiler — pegree difference............ 150 160 170 
orsepower required. rrr 3.283 3.488 


viding the total B.t.u., 43,440 by 221 B.tu. will in both cases, but the amount of radiation would be less 
ve 196 sq.ft. of radiation. The last column headed as follows: 


square Teet. = = 0. = -6 per cent. 
ith sufiicient experience it is possible by looking over ne ee 

e ‘pe column to detect any glaring error of judg- Thus nearly 30 per cent. less radiation could be used, and 
““" or calculation and this serves as a check on the in this case the amount of surface would be no more than 

=. for a steam system. The same results can be obtained 
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with either system as far as varying the temperature is 
concerned, with the first cost considerably lower for the 
system employing high temperature. 

Table 1 shows that 210 deg. would be required only 
1.29 per cent. of the time, and if only one-half the heat 
were required 75 per cent. of the time, the water could 
be circulated at a temperature of 145 deg., giving a trans- 
mission of 

(145 — 70) K 1.6 = 120 B.t.u. 


per square foot of radiation, or one-half the maximum of 
238 B.t.u. per hr. This calculation shows the fallacy of 
figuring the boiler power from the radiation, assuming a 
flat rate of condensation per square foot. The British 
thermal unit loss should be used for estimating the boiler 
power plus a certain amount, say, 10 per cent., for losses 
in radiation of mains, etc., if well covered. The boiler 
power will then be correct even if errors occur in figuring 
the radiation, although it is well to check the result by 
both methods. 

In the accompanying form the example used was a 
classroom in a school. In most states the law requires a 
minimum of 30 cu.ft. per min. per pupil for air supply 
from outside and in some cases the same amount has to be 
exhausted. In case all the air is heated from the outside 
temperature to 70 deg., the cubic feet in the column un- 
der air supply can be totaled and the cubic feet per hour 
for the air supply determined by multiplying by 60 min. 
In this case the air is raised in temperature from —10 
to 70 deg., and by multiplying by 80 and dividing by 55, 
the cubic feet of air 1 B.t.u. will raise 1 deg., the B.t.u. 
required will be obtained. 

In the columns for air change and number of pupils 
the proper quantities are placed. In room No, 14 there 
are 25 pupils and 35 cu.ft. per min. is furnished for each, 
so that 875 cu.ft. of air, or in round numbers, 900 cu-ft., 
are provided. This air must be heated to 70 deg. from 
—10 deg. In room No. 12 there are 40 pupils and 1400 
cu.ft. of air is required. Multiplying by 60 min. and 80 
deg. and dividing by 55 gives the B.t.u. per hr. as 122,151, 
or 122,290, 

In case the room is to be heated by an existing air sup- 
ply for ventilation its temperature will have to be in- 
creased to do the work. In room No. 14 the air contents 
are changed 

60 X 900 
times per hour. The B.t.u. required for heating are as 
given in the form, 25,870 per hr., and the number of de- 
grees above 70 that the 900 cu.ft. of air must be raised 
will be 


25,870 X 55 
900 X 60 


This means that the 900 cu.ft. per min. will have to be 
raised from —10 to 96.3 deg., or 106.3 deg. and the B.t.u. 
required will be 

900 X 106.3 X 60 
55 


It might be that if this were an isolated room and the 
yalance of the air for the building were raised 96 deg. 
instead of 106, it would be proper to increase the air 
changes for this room purely to reduce the final tempera- 
ture for heating. In case 15 changes per hour were de- 
sired, practically 1500 cu.ft. of air per min. would be 


= 26.3 deg. 


= 104,367 B.t.u. 
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required and the extra temperature for this would lk 
Ps X 26.3 = 15.8 deg. 

The entering air would be at 85.8 instead of 96.5 deg 

and the B.t.u. per hour required would be 

1500 X 95.8 X 60 

instead of 104,367 B.t.u. This extra loss is generally 
overcome by arranging the ducts to recirculate the air 
of the room during nonsessions if there are many roons 
heated in this manner. If the indoor air were reeirculate 
the temperature drop would be 15.8 deg. in one case ani 
26.3 in the other. The heat loss would be the same a 
for direct radiation plus the loss for window leakage, or 
about 15 per cent. increase. It is plain why direct radia. 
tion is more economical for heating, especially in isolated 
rooms where little ventilation is required by the oecr- 
pants. A restricted air supply with high entering ten- 
peratures increases the duct losses. 

Another method in a case of this kind is to place a 
auxiliary indirect stack at the base of the flue for raising 
the temperature of the air before it enters the particular 
room.- The stack is controlled automatically by a thernv- 
stat in the room. This method does not require a higher 
temperature for the air to the remainder of the building. 

Recent Court Decisions 
Digested by A."L. H. STREET 


= 156,763 


Liability for Co-employee’s Negligence—An employer is 
not responsible for injury to a workman, resulting from ei- 
plosion of a boiler, due to the negligence of its engineer, if 
the injured worker was in the same general department 3 
the engineer, unless the latter had been habitually so negli- 
gent or incompetent that the employer is blamable for re 
taining him. (Kentucky Court of Appeals, Wiltshire’s A’: 
ministratrix vs. Kister, 160 “Southwestern Reporter,” 1743) 
[This principle does not apply under the Workmen’s Con: 
pensation Acts nor in states where the “fellow-servant’ 
doctrine is not applied.—Editor.] 


Liability Concerning Open Ditches—A power company i 
not liable for injury to a horse through falling in an opel 
ditch excavated by the company in a street, if the horse wis 
running at large in violation of an ordinance. (Texas Coult 
of Civil Appeals, Dallas Gas Co. vs. Wheat, 160 “Southwest 
ern Reporter,” 980.) 


Right to Enjoiz Diversion of Water—An owner of lani 
bordering a channel on the eastern side of the Susquehann 
River is entitled to enjoin a water and power company, whic 
owned :‘land on the western channel, from diverting water 
from the eastern channel by obstructions and dredging it 
the western channel, subject to the company’s right to cor 
demn the privilege. (Pennsylvania Supreme Court, Rider vs 
York Haven Water & Power Co., 88 “Atlantic Reporter,” 903) 

Duty to Insulate Wires—An electric company is liable fo 
the death of a telephone company’s subscriber, caused by the 
escape of a dangerous current from the electric company’s 
wire to a nearby telephone wire at a point yhere the forme! 
wire was negligently permitted to remain uninsulated. (Ker 
tucky Court of Appeals, Paducah Light & Power Co. Vs 
Parkman’s Administrator, 160 “Southwestern Reporter,” 931) 


Employer’s Duty Concerning Boilers—An owner of a steal! 
power plant owes it to his employees to maintain the boile!s 
in a reasonably safe condition, and to warn them of al! 
danger which they do not have reasonable opportunity ‘ 
know. An employer was held liable for injuries sustained 
by plaintiff, an employee, under the following circumstances 
Defendant employer maintained two boilers, which were sit’ 
by side, and which were emptied through valves which col 
nected with the same blow-off pipe, which extended outside 
the building. It was the plaintiff's duty every night to blow 
off the boiler which had been used during the preceding 4a! 
While blowing off a live boiler, and on opening the valve for 
that purpose, hot water and steam escaped from the valve of 
the other boiler, scalding the plaintiff. It was found ‘hat the 
plaintiff was not negligent in not noticing the condition 
the boiler not in use. (Massachusetts Supreme Judiciél 
Court, Perry vs. Webster Co., 103 “Northeastern Rep.” 37%) 
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Editorials 


|}What Engineers Want to Know 


As ihe annual reports of many central station-power 
companies show, nearly all have had a substantial busi- 
ness growth, particularly in current for power purposes. 
That much of the increased demand is from industries, 
too small to need plants of their own, is undoubtedly 
quite true. Still there are many large industries con- 
tracting for considerable current. For example: The 
Edison phonograph works in West Orange, N. J., has in- 
creased its purchased current 4700 horsepower during 
the past year. Not many months ago we were informed 
that the Maryland Steel Co. had contracted for 6000 
horsepower for its Sparrows Point works. It is also re- 
ported that the American Steel and Wire Co., has been 
considering the use of purchased current for its three 
large works in Worcester, Mass., and that some of the 
large textile mills in southern New England may be 
supplied by recent hydro-electric developments. 

When central stations increase their sale of current 
to small industries that would not be justified in main- 
taining their own plants, they are to be commended. 
What reason (or, shall we say, excuse?) is to be offered 
when industries, already using thousands of horsepower, 
contract for additional thousands? The cheapness of hy- 
dro-electrie current is often a sound reason, but contracts 
for large quantities of current are more and more often 
being made with steam-driven central-station companies. 

There are six main reasons why such contracts are 
made : 


_. Because it actually pays to make them; because beth 


owner and engineer are ignorant of the proper way to 
produce power; because the management is shortsighted 
and fails to codéperate with the engineer (as by using 
rattle-trap equipment with inevitable service interrup- 
tions); because of current-rate discrimination; because 
of lazy, incompetent engineers interested in their work 
only as a livelihood (and such men, though few, menace 
the welfare of their more conscientious brothers) ; and 
because of managers, who believe that the responsibility 
of a power plant is not compensated by the saving 
over purchased current. 

What worth-while engineers want to know is how to 
meet the situation; how to make their present equip- 
inent enable them to compete with the power companies. 
Turbines, high vacuum machinery, superheated steam, 
ete., are conducive to high economy, but it would be folly 
to expect the owners of plants now in service to discard 
their present equipment or extensively remodel their 
plants, because this is so. Meanwhile the engineer must 
make the plant run at a cost so near the power com- 
pany’s bid that the owner will not sign a contract he 
Perhaps will eventually regret. 

_ Powrr has done, is doing and will continue to do all 
it can to help the engineer in this direction. Though let 
it be understood, as we have often stated, that when 
power can be bought for less than it can be made, and the 
Service is continuous and constant, buy it by all means. 


The Columbus Rate Case 


In Columbus, Ohio, a taxpayer’s suit is now pending 
in which the city cfficials having supervision over the 
municipal lighting plant are accused of rate discrimina- 
tion in selling electricity below cost to private concerns 
and individuals. 

There are many who believe the suit to have been in- 
stigated by the central-station interests, which are in 
competition with the city plant. Again, the plaintiff 
may represent isolated-plant interests or he may be a 
real altruist working upon his own initiative. The mo- 
tive is of little consequence, the important question be- 
ing whether discrimination exists; if it does, the case 
should be treated as would a private plant, for if some 
are getting electricity below the cost of production, the 
taxpayers are making up the difference. Unfortunately, 
figures were not submitted showing the actual cost of 
production and in the absence of these the plaintiff would 
have difficulty in proving a case. 

It is easy to understand the attitude of the city officials. 
Briefly, their contention is that the plant having been 
built to supply electric-light service, the initial invest- 
ment would have to be made for this purpose and the 
load would be at night only; therefore, any day load that 
might be taken on would be at an expenditure merely of 
fuel, water, attendance and additional maintenance. 

This seems perfectly logical when viewed from one 
angle only. However, since the city has gone into the 
electrical supply business, it is just as logical to view 
the situation from a different angle and consider the day 
load paramount and the night load subordinate. Ac- 
cording to the foregoing reasoning, the commercial load 
would then carry the fixed charges and the city would 
be charged a very low rate for street lighting. Obviously, 
both of these contentions are wrong and the only fair 


_way is to ‘make the municipal lighting plant a self-sup- 


porting enterprise, apportioning the fixed charges over the 
entire load and charging the city for its street lights 
just the same as any private customer. 

The incapacity of the courts often to grasp such prob- 
lems is strikingly illustrated in the decision on the first 
petition (see page 110) which states in part: “Upon 
what principle can the entire interest on the bonded debt 
he charged to the current furnished to private consumers ? 
. . . If the amount furnished to private consumers is but a 
small part of the total current generated, and if that 
same portion should be charged with the burden of the 
interest on the bonds issued for building, equipping and 
enlarging the plant, it would stand little chance in com- 
petition with a privately owned plant which distributed 
that charge to the entire output.” 

We fail to see wherein the petition claimed that the 
whole interest on the bonded debt be charged to the 
electricity sold to private consumers. 

The revised petition, which is now pending, is more 
specific than the first, and if properly interpreted by 
the court, the decision will go far toward defining the 
relation of municipal plants to the public. 
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Receipts and Recipes 


Suppose a housekeeping paper were asked by one of its 
gentle readers to give her a recipe for a stove polish, and 
replied that, having accepted good money from the mak- 
ers of the Rising Sun and Crumbs of Comfort brands 


for advertising their products, it could not conscien- 


tiously tell anybody how to make polish for herself. 
Would the fair reader’s estimate of the disinterested- 
ness of the paper, and her respect for its advice and 
opinion, be enhanced or punctured ? 
Would a paper, the editorial policy of which was con- 
ducted along the lines indicated by this straw, win a 


strong, permanent, loyal constituency, and a reputation 


for unbiased opinion and disinterested advice ? 

An advertising patron of Power reproaches us _ be- 
cause when a correspondent asked us for a recipe for 
something in his line, we gave him a receipt which every- 
body is at liberty to use, instead of telling him to buy 
the advertised goods. He says that our failure to do so in- 
dicates a lack of confidence in the goods which we ad- 
vertise, and inferentially warns the inquirer not to use 
them, by recommending something which the editor evi- 
dently thinks is better. 

Not at all! The fair delver into the: mysteries of 
stove polish probably knows all about the Rising Sun and 
the Crumbs of Comfort. She knows that she could run 
around to the corner grocery and get a choice of brands, 
all nicely put up in pretty packages, with printed di- 
rections, and perhaps a coupon negotiable for a Morris 
chair when she gets enough of them. She does not want 
to be told that she can “learn of several reputable and, 
we believe, thoroughly efficacious brands by consulting 
our advertising columns.” She wants to know how to 
make some; and it is up to the editor, the fountain head 
of all household knowledge, to tell her, Her curiosity 
satisfied, that may end it. She may even go so far as to 
mix up a batch, but when she finds that graphite at 
drug-store prices costs more than the nicely done-up 
package, coupon and all, and counts in carfare and both- 
er, and what she gave away, and the soiling of her pret- 
ty hands, and the doubt if the effect is really as nice as 
that at which the darky mammy is grinning in the post- 
er ad, she will go back to the ready-made article. 

And this is the pith of the whole matter. 

The ready-made article must be good. The success of 
the manufacturer, the permanency of his good will, the 

value of his business, all depend upon establishing and 
maintaining a reputation for excellence. And it must 
not cost so much more than something that one can 
make which will answer the purpose, that people will 
not buy it in preference to making their own. This 
does not mean that the price must be less than the ma- 
terials can be bought for at retail; the user is willing to 
pay something for convenience and assured excellency. 
As a rule, the consumer will save time, money and tem- 
per by buying the prepared article, but if he wants to 
know how to make it himself it is the province of his 
paper to tell him. 

Factor of Safety 


It is unfortunate, in some respects, that factors of 
safety are expressed in terms of the ultimate theoretical 
strength of the vessel or. structure to which they are ap- 
plied. It is largely on this account that the real signifi- 


Vol. 39, No. 3 


cance of the safety factor is so often misunderstood, »ven 
among engineers, and the layman is usually di mb- 
founded at the extreme wastefulness of the eng neer 
when he learns that a structure is designed to carry only 
one-fifth to one-tenth of the maximum load it is esti- 
mated to be capable of supporting. 

The factor of safety has often been called a factor of 
ignorance, which is by no means justified, because a rela- 
tively small part of it is usually devoted to covering 
unknown conditions. While the ultimate strength of a 
structure may be five times the working strain, mosi en- 
gineers know that two or three times the working load 
on such a structure will usually produce deformations 
that are apparent to the eye, and of such extent that they 
would generally render its further use impractical. 

While deformations of structure of such severity that 
they would become at once apparent are usually produced 
considerably below the actual breaking load, there are 
others that are not apparent to the eve but which are also 
extremely detrimental to the continued safe use of the 
structure and which are produced by loads more or less 
closely approaching the safe load. 

For example, assume a boiler built of steel plate of 55,- 
000 pounds tensile strength, the design being such that 
at 150 pounds working pressure the factor of safety is 
five; that is, the working load is 11,000 pounds. 

A piece of this plate, tested in a machine for tensile 
strength, would probably show a permanent stretch at 
about 30,000 pounds, and in time would fail under this 
load. It has been found that the working load must be 
considerably below this point of permanent. stretch to 
prevent serious injury to the material, so we may say that, 
if all strains were known to be just as they were calcu- 
lated, for a boiler as described, and leaving out the ques- 
tion of uncertainty of the material as regarding assumed 
values, the shell could not be expected to withstand a 
strain of more than say, 22,000 pounds. 

Under the assumed conditions our factor of safety has 
dropped from five to only two, and this is all the margin 
left to care for the numerous unknown factors connected 
with the variations in quality of material or maximum 
strains produced and is surely not enough to warrant the 
entire factor of safety being called a Pe of ignorance. 
Boilers are run ona Sorter of safety of four, with a 
fair degree of safety, but below this point the owner, and 
especially the operator, is skating on thin ice. 

Those not accustomed to test materials have a vague 
idea of the elastic stretch of material, such as_ boiler 
plate, simply because the quantities dealt with are so 
small, but if an extended section under test is considered, 
the realness of the — becomes apparent at once. 

For instance, consider a 72-in. boiler, built for a work- 
ing pressure of 150 cater a factor of safety of four, a 
quadruple-riveted joint of 94 per cent. efficiency, assum- 
ing a tensile strength of 55,000 pounds for the material. 
The load on the shell material, due to a test pressure 
50 per cent. higher than the operating pressure, would be 
20,625 pounds per square inch on the net section De- 
tween the rivet holes, and in the solid plate 19.387 
pounds. A load of this amount would stretch steel aout 
0.000645 times its own length, or the girth of a 7?-in. 


boiler 0.146 inches, which is measurable with a tape. 


The Index for Volume 38, the last half of Powr: for 
A postcard request gets you on . 


1913, is now ready. 
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Cause of Knocks in Pumps * 


Referring to John Ferguson’s letter on this subject in 
the Nov. 18 issue, page 727, I should like to add another 
important cause and its remedy. 

Through wear shoulders are produced in both ends of 
the steam and water cylinders. The rings in the steam 
end and packing in the water end ride up on these 
shoulders and have a tendency to stick there. When the 
pressure is sufficient, the pump starts off with a jump. 

To remedy this in the steam end, the only thing to do 
is to bore out the cylinder, and if the wear is excessive, 
put in new and larger rings and pistons. The shoulders 
should also be removed from the water end by boring. If 
this is mot feasible at the time, it can be temporarily 
remedied by filling in the piston with small or old pack- 
ing at either end and full-size new packing in the center. 

The rings I use are made to fit and from the same ma- 
terial as is used in the square hydraulic packing. These I 
find very satisfactory. 

For immediate relief in case of emergency, shorten 
the stroke of the pump, if it is so constructed that this 
can be done. To do this either move the tappit blocks 
nearer together or put on a leather washer in front of 
the tappit block on the side opposite to the one which is 
affected. 

A. W. WILsoN. 

Sterling, Il. 


JacKeting for Cylinders 


Referring to Mr. Pearce’s letter in Dec. 2 issue on use 
of scot for jacketing of cylinders, the heat-nonconducting 
efficiency of lampblack in comparison with other ma- 
terials generally used for covering pipes was brought to 
notice by Prof. J. M. Ordway in a paper on “‘Nonconduct- 
ing Coverings for Steam Pipes” before the American 
Society of Mechanical Engineers, to be found in Vol. VI, 
1884-1885, of transactions of that society, page 168, ete. 
The paper includes results of experiments made in de- 
termination of the nonconducting properties of many 
combustible and noncombustible substances that might 
be turned to good advantage as coverings for pipes and 
evlinders of steam engines. 

The relative conductivity of different materials was as- 
certained by taking one inch thickness of each placed on 
a flat surface of iron kept heated by steam to a tempera- 
ture of 310 deg. F. and the pounds of water heated 10 


deg. F. per hour through 1 sq.ft. of the substances gave 
for 


There is, however, considerable difference in texture 
between the light, finely divided material known as lamp- 


“Power,” Sept. 16, p. 404; Nov. 18, p. 727. 
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black, which when produced commercially is commonly 
employed for imparting tint to paints, and the coarser 
deposit of ordinary coal or wood fire which goes by the 
name of “soot,” and it is to be expected that there is a 
difference in their heat-transmitting capacities. 

In a lecture before the Nottingham Guild of Mechani- 
cal and Electrical Engineers, Prof. Jacques Abady pointed 
out the relative loss of heat conductivity of boiler-heat- 
ing surfaces due to different thicknesses of soot deposit 
by comparing the conductivity of clean pipes with that 
of scot-coated pipes, viz. : 

Loss Per Cent. 


different coarser grades of deposit known as soot should 
be very good nonconducting materials for cylinder jacket- 
ing and for similar uses. Soot has a commercial value 
for many purposes, among others being extensively used 
as a “filler” for the material of hard-rubber goods, but 
its value in the arts need not deter its use for jacketing 
of cylinders as its principal cost is in the gathering, an 
item of expense that. may be regarded as inconsiderable 
in any steam power plant where the material can be used 
with economy as a heat-nonconducting material for cyl- 
inder jacketing or steam-pipe covering. 

The heat-resisting qualities of soot are readily ap- 
preciated on comparing radiation from an iron smoke 
uptake before and after it has been cleaned of soot and 
in view of this common experience it is rather surprising 
that a material so readily obtained is not more frequently 
employed for prevention of loss of heat from steam 
power-plant appliances, 

H. S. Marpen. 

Fort Monroe, Va. 

Condenser-Tube Corrosion * 
With regard to the correspondence in the issue of Noy. 

11, on page 692, on the corrosion of condenser tubes, Mr. 
Chester states that it would seem that the quantity of am- 
monia and similar products of sewage works present in 
rivers is so small as to be negligible. Now, ammonia and 
ammonium salts when in solution in water become highly 
ionized and are thus very active in assisting corrosion ; 
hence even when present in small quantities the effect of 
these constituents in assisting corrosion can hardly be 
disregarded. To illustrate this a simple chemical experi- 
ment might be carried out. 

If a piece of zine is placed in concentrated sulphuric 
acid it will not be dissolved, but if the acid is largely 
diluted by the addition of water it will be noted that the 
zinc dissolves quite readily. The reason for this is that 
the sulphuric acid when in solution in water becomes 
highly ionized and hence more active as a corroding agent. 


*“Power,” Oct. 14, pp. 531-533; Nov. 11, p. 692; Dec. 2, p. 
781; Dec. 9, p. 817. 
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The ability of acids to dissolve metals depends largely 
on their degree of ionization. When sea water is used as 
a cooling agent its most destructive constituent is per- 
haps magnesium chloride. Now, magnesium chloride in 
solution in water and under the influence of heat becomes 
Jissociated into magnesium oxide and hydrochloric acid, 
thus 
MgCL, + H,O0 = MgO + 2 HCL 

Now, as hydrochloric acid in solution in water is in a 
highly ionized state it forms an active reagent which at- 
tacks the tubes very readily. This is only an example 
of one constituent, but will serve to illustrate the grounds 
on which I state the opinion that the temperature may 
have a certain effect on the life of the tubes as is also 
stated in G. D. Bengough’s report. 

Mr. Chester’s statement that his experience has led him 
to believe that the temperature has little or no effect on 
the rate of corrosion may be explained by the absence of 
impurities in the evolving water which would behave 
similarly to the magnesium chloride mentioned above. 
The above two points are open to discussion, but the re- 
mainder of the report and correspondence has been shown 
to be beyond argument. 

JOHN H. Gro. Morrison. 

Glasgow, Scotland. 


Cost of Power for Ice Making 


On reading Mr. Brown’s letter in Power of Dec. 23, 
cne is led to believe that he champions the cause and 
course of central stations. I think he is inclined to beg 
the question, however. The telephone companies he men- 
tions have so arranged their service that the report of a 
“busy wire” means that the firm or person called has been 
unwilling to incur the expense of sufficient apparatus to 
handle his individual business. 

If a factory taking street current has too few motors to 
do its work, the central station cannot be blamed if it 
remains undone. 

It is much more of a hardship for railroad companies 
to be limited to a fixed rate of transportation “plus ser- 
vice” than it would be for the central stations to be com- 
yelled to charge a fixed reasonable rate for current, for in 
the case of the railroads their rolling stock is not only 
useless during nonrush hours, but they are put to the 
extra expense of getting the unused cars, ete., out of the 
way and on to more or less expensive storage tracks. 

Mr. Brown nicely says the central stations “are entitled 
to charge an adequate rate ‘or service.” No one doubts 
this, but the public is beginning to doubt the equity of 
ihe methods of arriving at the rates charged. If Mr. 
\3rown is awake to the tendency of the times, he must 
have observed that it is becoming the custom more and 
more to frown on and forbid the furnishing of similar 
articles or service, at the same time and place, to different 
buyers, at different prices. It cannot be denied that one 
of the questionable practices of central stations is to 
charge the highest rates they are able to squeeze from 


their customers unless their customers think and have 


the means to install an isolated plant. 

If any ice-making plant (located where good coal may 
be bought for, say, $3 per ton) is paying more than 
about 114¢. per kw.-hr., it is not doing as well as it should. 
The writer has knowledge of a plant using sawdust for 
fuel that is making clear ice with less than 12 lb. of saw- 
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dust per hour per ton of ice made per day, which may be 
equivalent to about 214 lb. of coal. 

If any central station will sell current at approximately 
the above cost, it would be advisable for an ice manufiic- 
turer to close the contract. If it will not, see what others 
are doing and endeavor to do as well. 

PauL BIGELow. 

New York City. 


Testing Valve for Leakage 


A short time ago it was necessary to test a valve for 
leaks, which was designed to work under vacuum. A 
pressure pump was not available. As there were 24 ports 
spaced 2 in. apart, a leak between two ports in the center 
of the casting, if it were a small one, would hardly be 
noticed at the end of a port, so we had to use water. 

Nothing else being available I took a water column off 
a steam boiler not in service at 
the time and connected it as 
shown in the sketch. A plug 
was inserted in the valve Q in 
place of the nipple R. The ap- 
paratus was filled with water 
and connected to the air line A. 
Under 85 lb. pressure the ap- 
paratus proved tight, at least no 
water leaks were visible. I would 
have preferred to test with air 
with the valve under water, but 
did not have even a barrel for 
the purpose. 

Connection was then make to 
the plates by replacing the plug 
with nipple R. Gaskets were put 
under the plates. The globe 
valve @ and the drain V were 
opened and the port to be tested 


filled with water, the air pres- 
R Rubber Gasket. th wee full. 
There was 85 lb. 
high in the glass. The 
valves L, M and Q 
rower see how the pressure 
held I closed valve 
the water glass and left the bottom valve M open. To my 
surprise the gage pressure began to drop and the water 
came back in the glass to the original level; then closing 
it the water dropped out of sight in the glass with a fur- 
pen on every port out of the 24 tested. 
Two days later the casting came back after being ™a- 


sure being turned on to make 
Y air pressure on the 
/ jj were opened and the 
and the pressure re- 
in the glass dropped out of sight while the pressure was 
ther drop in pressure. There were no leaks that I could 
chined to be retested, and there was no evidence of le: <s. 


sure that the port 

gage, and the water 

Camping Plates? drip cock closed. To 

mained the same. I then closed the valve L at the top of 
falling off from 85 to 70 Ib. Opening valve L the water 
find either of water or air. This same thing would hap- 
I tried the same experiment with the valve Z and ‘he 
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water slowly rose until it filled the glass, with only a 
slicht drop in pressure. What I would like to find out is, 
why the water in the glass went down in the first test. I 
have asked several mechanics and they are as badly at 
sea as myself. 
J. F. McRae. 
Chicago, Ill. 
Orsat or CO, Recorder* 


A. Pohlman, in his article (Nov. 25) on the above sub- 
ject, says: “When a man manages a plant, he should, 
whenever possible and consistent with efficient operation, 
keep the cost of producing power at a minimum.” 

This statement is somewhat contradictory because it 
opposes “efficient operation” to “keeping the cost of power 
ata minimum.” If we interpret Mr. Pohlman’s meaning 
right, it is this: That a man in charge of a steam plant 
should strive to reduce the cost of power (increase the effi- 
ciency) at the lowest cost for apparatus to bring this 
about. That is a commendable principle. Mr. Pohlman, 
however, is in error when he says that: “The tendency 
now is to analyze fuel gases only so long as is necessary 
to determine the changes required to bring the boiler up 
to the highest possible efficiency obtainable under local 
conditions, and then disregard the gases entirely ex- 
cept for an occasional checking up.” 

The present tendency is toward closer control of boiler- 
house operations, and especially of the process of combus- 
tion. Those who have given the problem of boiler-room 
economy most attention have found that sporadic analyses 
of the flue gas are quite inadequate to maintain maximum 
efficiency. 

Mr. Pohlman cannot have given the problem very seri- 
ous or logical consideration ; otherwise he would not draw 
a parallel between the engine and the boiler in the way 
he does. The two have little or nothing in common. 

If the boilers are adequate, the engine receives the re- 
quired steam at a practically uniform pressure. It runs 
at a uniform speed, the steam consumption is automatical- 
ly regulated to the load, there are practically no van- 
ables to contend with, the valves having been correctly 
set, by the aid of an indicator, and other minor adjust- 
ments made, an efficiency peculiar to the engine and its 
load will result, and continue for weeks and months. 
There is very little or nothing that the attendant can do 
to better it. Mr. Pohlman is therefore quite right, so 
far as the engine is concerned, an occasional set of in- 
dicator cards is all that is required to enable one to keep 
the engine at normal efficiency. 

It is far from true, however, that an occasional analysis 
of the flue gases is sufficient to assure the economic op- 
eration of a steam boiler. The boiler is operated on vari- 
ables so to speak. The fuel bed varies from minute to 
minute. The coal may vary from nearly all coarse to 
mostly fine in an hour, where soft coal is used, and with 
the cheaper grades of anthracite, it is nothing unusual to 
have the ash vary from 12 per cent. to 20 per cent. and 
more In successive carloads. The same holds true for 
so!t-coal screenings. 

the furnace conditions are entirely different just before 
an’ after cleaning the fire. This change of condition 
from the best to the worst takes place gradually in the 


_ “Power,” July 29, p. 176; Sent. 2. p. 344: Sept. 16 406; 
Oct. 14, p. 545; Oct. 38, p. 613: Nov. 28 p. 761... 


POWER 97 


course of a few hours. And on top of all this a fluctuat- 
ing demand for steam must be met by the boilers. There 
are numerous other variables that influence the operation 
of a boiler which need not be mentioned here. 

Mr. Pohlman says: “Do with your boiler as you would 
with your steam engine. An indicator is used on an en- 
gine to locate trouble, and after adjustments are made, 
that ends the use of the indicator for the time.” What 
adjustments does Mr. Pohlman propose to make to meet 
these variables in the operation of a boiler once for all? 
Can permanent adjustments be made to meet these con- 
ditions at all? 

From the parallel which Mr. Pohlman draws between 
the boiler and engine, we must infer that those little 
things are not worth bothering about, for he says: “An 
indicator is used on an engine to locate trouble, and after 
adjustments are made that ends the use of the indicator 
for the time.” 

Applying this principle to the boiler it means simply 
this, that so long as the required steam is forthcoming 
and there is no kick from headquarters about the coal 
bills, there is no occasion for gas analyses, but when the 
supply of steam falls short or is kept up with increasing 
difficulty or the coal bills begin to incite adverse com- 
ment, bring out your Orsat, make a few analyses to lo- 
cate the trouble, effect the necessary adjustments, then 
put it away until trouble again calls for its use. And 
this, Mr. Pohlman says, is the present tendency in the 
practice of gas analyses in power plants. The outlook 
for marked improvement in boiler efficiency would be 
dubious if it were true. 

Mr. Pohlman agtees, however, that a recording CO, 
meter would be preferable to an Orsat. The writer ad- 
mits that a hand apparatus is better than nothing, but it 
must be used regularly, not merely to correct manifest 
trouble, but to anticipate trouble, to detect air infiltra- 
tion and to improve the methods of firing. It may also 
be admitted that there are a large number of small steam 
plants, and even larger plants, that are irregularly or in- 
termittently operated where a recording CO, meter would 
not pay, but there is not one steam plant in a hundred 
developing 250 hp. or over, running 10 hr. or more a 
day and 300 days per year, in which recording CO, 
meters would not be a paying investment, provided proper 
attention is paid to them and the information which they 
give. Even a cheap hand apparatus is a poor investment 
unless it is regularly and intelligently used. 

E. A. UEHLING. 

Passaic, N. J. 


All on Account of a Mouse 


While passing the switchboard, I heard an unusual sound 
like that of a vibrator of an induction coil and it was 
evidently coming from somewhere behind the switch- 
board. Four lead-covered cables coming from two 2200- 
volt alternating-current generators are led to the switch- 
board through a 4-in. drain tile laid in cement and 
sealed with cement at the ends where the cables come out. 
The cables are taken through a small square hole in the 
floor of the switchboard platform and through this hole 
T could see a dim flash whenever the sound occurred. I 
also thought I could smell hot insulation. 

T proceeded at once to tear up the floor, and in doing 
so disturbed the cables so that the noise practically 
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stopped. Thinking the flash was only some static dis- 
turbance, due to excessive damp weather, I went home, 
instructing the night engineer to watch closely. 

Nothing developed during the night and when, the next 
morning, I proceeded to investigate, everything looked 
all right, but when I ran my hand down the cables to the 
point where they emerged from the tile, I found a dead 
mouse, head and shoulders out of a hole in the cement. 
Pulling it out, I found the left shoulder burned to the 
bone. 

A closer investigation showed that the lead and rubber 
insulation had been gnawed from one wire from each 
machine, only one of which was running. 

W. G. GREENLEES. 

El Campo, Tex. 

Nuts* 

In the Nov. 25 issue, page 761, L. C. Tucker says in 
regard to my former communication: “Any good lathe 
hand can make a nut which has no lost motion.” This is 
not so, for as long as the nut can be turned on the thread 
it can be shown with instruments of precision that there 
is always some lost motion. Machine tools have not yet 
attained perfection. 

What was under consideration was ordinarily good ma- 
chine work and with such work there is sufficient lost mo- 
tion in nuts to affect the adjustment of journals, such as 
of a large marine-engine crankshaft, which if adjusted 
by the nut next the cap, and then a jam nut is set up 
against that nut, there is likely to be some music. 
H. MANNING. 
Manchester, N. H. 
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Failure of Pistom-Rod Riveting 


I have read with interest the account, page 735, Nov. 
18, on the above subject, also your editorial, page 725, 
with which I entirely agree. Riveting of this sort, as 
suggested, has to be taken largely upon faith, and for 
that reason should not be depended upon when serious 
damage may result from sudden failure. 

A short time ago I had an experience with failure of a 
riveted piston rod under conditions which may possibly 
be considered as more exacting than those referred to, 
though involving less risk of personal injury. One of the 
steam hammers under my charge gave out, the piston and 
rod parting. This was originally of the usual riveted 
type, the break taking place close to the piston. To save 
delay while another forging was obtained I had the piston 
bored out and recessed for riveting in the manner of the 
repair described, and had the piston shrunk on and well 
riveted over. 'Chis worked for less than two hours, the 
rivet head shearing off at a sharp corner which had been 
left at the bottom of the recess made in the piston for 
the rivet head. On making a second attempt I had the 
corner rounded off. The job then proved satisfactory and 
we have continued the use of the repair, although extra 
parts have been ready for some time. Experiences of this 
kind have made me somewhat careful of accepting any 
form of riveting for dangerous service. 

As suggested by vour editorial, too much work of this 
kind is put out for no other purpose than the saving of a 


*“Power,” June 24, 1913, p. 910; Sept. 9, p. 375; Oct. 7, p. 
615; Oct. 28, p. 612; Nov.. 25, p. 761. 
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few cents, or from lack of appreciation of the risks tha 
are taken. The efficiency of cold riveting is always doubt- 
ful and such work should not be accepted without care- 
ful inspection of the job before and after riveting. 

Judging from the description of the piston-rod rivet- 
ing referred to, page 735, the original job should have 
been refused on account of insufficient rivet head. 

Frep StrACHAN. 
Belfast, Ireland. 
Lubricators Filled from Force 
Pump 


In the plant where | am employed we have a lubricat- 
ing kink that for cleanliness and time saving is hard 
to beat. The illustration shows three lubricators, con- 
nected to a 1-gal. hand pump by a \4-in. pipe. Globe 
valves AAA in branch lines from the pump are 
to be kept closed at all times except when in use; B is a 
globe valve in the supply pipe to the pump and C is a 
check valve in the main discharge line from the pump. 


The operation of filling the lubricator is to close all globe 
valves except one in the branch leading to the lubricator 
about to be filled, open this valve and work the pump 
until the lubricator is full of oil. The time and trouble 
of draining the lubricator is dispensed with as the oil 
forces the water into the steam main. The flow of the 
water into the steam line is so slow that it is not notice- 
able in the cylinder. This device can be attached to any 
number of lubricators any distance from the pump. Each 
lubricator has the top of the filler plug sawed off, tapped 
and threaded for 14-in. pipe. 
F. B. Dunbar. 
Pueblo, Colo. 
Running Cross-Compound En- 
gine on Light Load 


H. Rollins, in the Dec. 9 issue, asks for different views 
on operating cross-compound condensing engines und: 
light loads. I was much interested in his letter. 
It is a difficult matter to comment on the oper: 
tion of another’s plant unless one is familiar with t)¢ 
conditions. Evidently the plants discussed were not 
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equipped as mine is. A receiver should properly be 
equipped with a trap, the discharge of which should be 
open te the atmosphere and where it can be seen. 

As to operating under light loads with a vacuum in 
the receiver, it has been my experience that it could not 
be done for the reason that as soon as the trap fills with 
water it will open the discharge to the atmosphere and 
there will be a rush of air through the trap and water 
seal into the receiver and on being admitted to the low- 
pressure cylinder and condenser this will break the vac- 
uum. With the vacuum gone a pressure will be created 
in the receiver, causing the trap to discharge and drain 
the receiver. In reference to the danger of carrying a 
receiver pressure causing the low-pressure cylinder to do 
the work and the high-pressure piston to draw water from 
the receiver, while there is a pressure in the receiver and 
the trap is working properly there would be no water 
in the receiver for the high-pressure piston to draw. 
Again, with no receiver pressure, when the trap opened 
to discharge, the water would flow through the trap and 
keep the receiver drained. 

There should be a relief or safety valve between the 
high- and low-pressure cylinders ample enough to take 
care of any excess pressure that might occur from acci- 
dent to valve motion or reheaters. 

The writer has never experienced any trouble with 
water in either cylinder, but has lost the vacuum due to 
air rushing through the trap into the receiver. Since 
that time I have always carried 2 or 3 |b. receiver pres- 
sure on light loads. I might state that my condensers 
are of the barometric type and perhaps more sensitive 
than others in handling air leaks. 

Moore. 

Milwaukee, Wis. 


Compound Engines on Light 
Loads 


‘Discussion along the lines suggested by H. Rollins, in 
the Dec. 9 issue, relative to running cross-compound en- 
gines on light loads, will, no doubt, be beneficial to all. 

Receivers should be equipped with a safety valve and 
trap. There should be a live-steam line connected to the 
receiver through a pressure-reducing valve for the pur- 
pose of supplying steam direct from the boilers to the 
low-pressure side, that the engine may be operated from 
that side alone if necessary. The safety valve should be 
set to blow at about 5 lb. above the pressure maintained 
by the reducing valve and it should be large enough to 
take care of a sudden inrush of steam from any source. 
The trap should be connected to the lowest point in the 
receiver and the discharge should never be under higher 
pressure than that of the atmosphere. Some traps have 
an internal bypass, but with this type, as well as others, 
it is better, even though a few more valves are required, 
to have a bypass around the trap the full size of the other 
connections. 

In one plant where the writer was employed, this trap 
served a twofold purpose; that of draining the receiver 
vnd the low-pressure cylinder as well when the engine 
was not in operation. 

All of the four engines were connected through one 
haust line to two condensers, so when any of the en- 
nes were shut down the exhaust valves were closed and 
: they may be required for service at any time, a 1-in. 
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bypass around the high-pressure throttle valve was partly 
open at all times, maintaining about 2 lb. pressure on 
both cylinders and receivers, holding the air out of the 
system, as well as keeping the engine warm. The elbow 
in the line leading from the low-pressure cylinder to the 
exhaust line was connected through a drip to the intake 
side of the trap. The valve on this drip line was close 
to the LZ and was closed when the engine was in opera- 
tion. When the engine was shut down this valve was 
open, permitting the trap to take care of the low-pres- 
sure cylinder condensation under the above conditions. 
Without this drain the cylinder would fill with water 
and the purpose of the steam bypass would be defeated. 

About five minutes before starting, unless the engine 
was needed quickly, the trap-bypass valve was opened, 
also the throttle-bypass valve and all of the water blown 
out of the cylinders and receiver. Then the valve on the 
low-pressure drip line was closed, also the bypass on the 
trap, and before opening the exhaust valve the three-way 
indicator-connection valve was opened to first one end of 
the cylinder and then the other, blowing out the air in 
the system, especially when not kept warm as mentioned 
above. We would then increase the supply of circulating 
water to the condenser, after which the exhaust valve 
would be opened and the engine started with the vacuum 
on the receiver. 

Under these operating conditions the vacuum on the 
system would remain constant when starting the idle 
engine, while if the same engine was started up prac- 
tically cold and without blowing the air out of the cylin- 
ders and receiver the vacuum would drop at times, as 
much as 10 in. 

Of course, we run with the vacuum on the receiver for 
only a short time, and I would not recommend this meth- 
od of running for any length of time, even though the 
receiver could be drained, for under these operating con- 
ditions lubrication of the low-pressure cylinder is prac- 
tically impossible and a scored cylinder may result. 

On light loads we always shortened the cutoff on the 
low-pressure side by manipulating the adjustment pro- 
vided for that purpose on cross-compound engines of the 
Corliss type, maintaining a receiver pressure of one or 
two pounds. However, the low-pressure cylinder was not 
doing all the work, as suggested in Mr. Rollins’ article, 
for the high-pressure side supplied the steam to keep 
up the receiver pressure. 

I note in the article referred to above that one engi- 
neer runs his engine during the noon hour with all the 
drips open and a vacuum in the receiver. I doubt very 
much the practicability of this method if more than one 
engine is served by the same condenser, unless they are 
all working on the same load. The opening of the drains 
on one might admit air to the system, reduce the vacuum 
and interfere with the working of the other engines. 

A. K. VRADENBURGH. 

Albany, N. Y. 

Correction: In the résumé of “Condenser-Tube Cor- 
rosion,” in the Dee. 1, 1913, issue, the author is mis- 
quoted on page 844, about the middle of the first col- 
umn. The sentence reads: “The speed of the cooling 
water through it should not be less than 100 ft. per min. 
to prevent salts from depositing on the tubes.” In place 
of the word “salts” it should read “any particles of solid 
matter.” 
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Wet and Dry Return Pipes—In a gravity steam-heating 
system, what is the difference between wet and dry returns? 
c. W. R. 
A wet return pipe is one which is below the water line of 
the system while a dry return is one which is mainly above 
the water line. 


Pump Efficiency—What is the efficiency of a pump based 
upon? 
Ss. K. 
The efficiency of a pump is the ratio of the actual 
work performed in foot-pounds of output of the pump to the 
number of foot-pounds of power required to be applied to the 
pump. 


Difference between Gases and Vapors—What is the distinc- 
tion between gases and vapors? 
Cc. B. 
Under ordinary temperatures and pressures, if the temper- 
ture of a gas is kept constant its pressure may be increased by 
decreasing its volume, whereas vapors exist only with a 
definite pressure corresponding to each temperature. 


Meaning of “Air Bound”—What is meant by the statement 
that a pipe, radiator, trap, pump, or other steam-plant appli- 
ance is “air bound? 

Cc. C. 

That air or gases that may have been liberated from water, 
or by condensation of steam are present in pockets, or com- 
pletely fill the pipe, or appliance, and interfere with its proper 
operation. 


Reseating Slide Valve—How can a leaky steam slide valve 
of an air compressor be repaired? 

a 

If the valve or seat is badly cut and worn, its faces should 
be machine planed and scraped true and tight. If only 
slightly worn the faces can be filed and scraped, but filing 
or scraping should not be attempted except by one who is 
skilled in the operation. 


Relative Heat-Transmission Differences—What are _ the 
relative heat-transmitting efficiencies of boiler plates and 
tubes of different thicknesses 

The conductivity decreases with their thickness, but the 
absolute difference is so small for thickness ordinarily em- 
ployed as to have no appreciable effect on the rate of conduc- 
tion and transmission of heat through clean boiler plates or 
tubes of different thicknesses. 


Compression in Low-Pr re Cylinder—Is there any ad- 
vantage of compression of exhaust in the low-pressure cyl- 
inder of a compound engine? 


BR. P. 

In running a compound engine, compression is equally as 
beneficial in the low-pressure as in the high-pressure cylin- 
der for filling the clearance space with exhaust steam com- 
pressed to nearly admission pressure and in contributing a 
cushioning effect on the reciprocating action of the engine. 


Relieving High-Pressure Steam Line—How can water of 
condensation forming in a high-pressure steam line be re- 
turned to a boiler without using a pump or injector? 

dD: Cc. 

If the steam line is high enough above the boiler for the 
préssure, due to the head of water in a drip taken out of the 
line to be in excess of boiler pressure, the condensate may be 
returned to the boiler as in an ordinary gravity-return 
steam-heating apparatus. Or, the water of condensation may 
be returned to the boiler by a steam loop. See “Power,” page 
1633, Sept. 138, 1910. 


Lap of Steel Stack Joints—For greater durability, how 
should the girth joints of a steel stack be lapped? 
A. F. D. 
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Steel smokestacks best withstand the corrosive action of 
the weather and last longer when each course is entered 
into the course below it. When the courses re entered in- 
side of those above, soot sifts from the inside of the stack 
down through the joints, and finding its way to the exterio: 
surface when moistened causes discoloring streaks and rapid 
corrosion. 


Advantage of Intercooling in Compressing Air—What are 

the advantages of compressing air with intercooling? 

Principally in reduction of power required for compres- 
sion. By intercooling, the air is delivered by the first 
cylinder against lower pressure, there is less waste due to 
clearance and therefore somewhat greater amount of air per 
stroke is taken into the compressor. The more efficient the 
intercooler, the greater the reduction of strains, less loss of 
power from friction and more uniform air resistance in the 
compressor. 


Cleaning Boiler of Oil—What method should be followed 
to thoroughly clean a 100-hp. return-tubular boiler of oil? 
B. R. 
The boiler should be cut out of service and when cooled 
it should be emptied. After introducing two or three pailfuls 
of soda ash, the boiler should be filled with water and gently 
fired for 12 to 15 hours, keeping the steam pressure between 
10 and 15 lb. A portion of the water may be run off at inter- 
vals and be replaced by feeding clean water. At the end of 
the “cooking” period the boiler should be allowed to cool and 
emptied and the interior should be well rinsed with clean 
water. 


Efficiency and Friction Horsepower—A steam engine drives 
a direct-connected pump, the output of which is 190 hp., with 
a mechanical efficiency of 85 per cent. If the indicated horse- 
power of the engine is 250, what is its mechanical efficiency 
and what is the friction horsepower? 

The net power developed by the engine and received by the 

pump is 


190 hp. 
= 223.53 hp. 
0.85 
and the mechanical efficiency of the engine is 
223.53 


= 0.8941, or 89.41 per cent. 


2 
The pump is 
223.53 — 190 = 38.53. 
The engine friction is 
250 — 223.53 = 26.47 hp. 
Therefore, the total friction is 
33.53 + 26.47, or 60 hp. 


Economy of Coal ws. Wood as Fuel—What would be the 
saving by the use of average good coal for boiler fuel at 
$6.50 per ton of 2000 1b. in place of cut-and-dried jack pine, 
costing $5 per cord? 

i. &. 

The calorific value of dry wood is about 8250 B.t.u. per Ib. 
A cord of commercial dry firewood weighs about 2000 Ib. and 
contains about 25 per cent. weight of water; hence the calorific 
value of the cord wood would be about 75 per cent. of 8259, 
or 6187 B.t.u. per lb. Evaporation of the moisture and its 
expulsion at the temperature of the chimney gases would re- 
quire an expenditure of about 315 B.t.u. per lb. of wood, which 
reduces the calorific value to about 

6187 — 315 = 5872 B.t.u. per lb. 

of wood as against 14,000 B.t.u. per lb. of average good coal. 
There would be somewhat greater proportion of waste of 
combustible discarded when using coal than wood, reducing 
the relative boiler evaporative value of coal from 14,000 to 
about 13,000 B.t.u. per lb., making each pound of coal eaual 
in value to about 2.2 lb. of wood. Under otherwise equa’'y 
favorable conditions the use of coal in place of wood sho1'!d 
result in a saving of about 44 per cent. of the cost of fuel. 
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Trigonometry--IX 
Last Lesson’s ANSWERS 
36. The angle C is 
180 — (10 + 46) = 124 deg. 
From equation 27 and the table (Lesson II) for the 
value of the sines of the angles A (10 deg.) and B (46 
deg.) and a = 500. 


500 _ 0.1736 _ 500 X 0.7193 


6 0.7193 0.1736 
sin aA 
and from the equation oe 
500 0.1736 500 X 0.8290 


(The sine of 124 deg. is equal to the sine of 180 — 124 
= 56 deg. and is so found from the table.) 


FF the equati 
37. From the equation = 
137.5 0.2250 , 912.5 0.2250 
= = = (0). ) 
512.5 sin C 137.5 
The angle C therefore is 57 deg. and hence A is 
180 — (13 + 57%) = 110 deg. 
From equation 27 
a 0.939% 137.5 X 0.9397 
137.5 0.2250 


0.2250 
38. The angle C' is 
180 — (23 + 134) = 23 deg. 
sin A 
sin 
a 0.3907 
23 0.3907 
(It was evident at once that a would equal ¢ since angle 
(’ proved to be equal to angle A.) 


From the equation — = 


@= 23 


Fr the ti b _ sin B 
om 1e equa 10n = ain 
b 0.7193 23 & 0.7193 
23 0.3907 


39. Calling the 85-deg. angle A, the 45-deg. angle B 
and the 100-ft. side ¢, the distance between the poles will 
be the side 6 which it is required to find. The angle C 
will be 


180 — (85 + 45) = 50 deg. 


Fr i] ti sinB 
om the equation = = 
b 0.7071 _ 100 X 0.7071 


0.7660 

10. Call the angle to be determined A. The known 
angle is not one within the triangle but is an exterior 
cugle, so called, and its supplement (180 — 45 = 135 
ceg.) is the B angle of the triangle. One known side is 
‘‘e length of the crank, 18 in. and is the side a, while the 
¢ her is the length of the connecting-rod, 45 in., which is 
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the side b. The angle required then can be found di- 
rectly from equation 27. 
18 sin A 18 0.7071 
45 0.7071 45 


Therefore, the angle C is 16°/, deg., or about 16 deg. 
26 min. 


= 0.2828 


SOLUTION OF OBLIQUE TRIANGLES CONTINUED 
Case III 


Solutions of triangles having two sides and the included 
angle given require the use of either The Law of Cosines 
or The Law of Tangents. The Law of Cosines is stated 
thus: 

The square of any side of a triangle is equal to the sum 
of the squares of the other two sides, less twice the prod- 
uct of the sides and the cosine of the included angle. 

This may be proved by referring to Figs. 8 and 9 in 
both of which 


a? = h? + BD? 


Power 


Fia, 9 


Fie. 8 
In Fig. 8, BD = ¢c — AD and in Fig. 9, BD = AD — 
c, so that in both cases 
BD? = —2c XK AD+¢ 
Therefore, in all cases, 
a? = h? + AD? + ce —2¢X AD 


But, 
h? + AD? = 
and 
, AD = b COs A 
Therefore 


a? = b? + c? — 2bc cos A 
In the same way it could be shown that 
b? = a? + c? — 2ac cos B 
ce = a + b? — 2ab cos C 
The Law of Tangents is stated thus: 
The sum of the two sides of a triangle is to their differ- 
ence as the tangent of half the sum of the opposite angles 
is to the tangent of half their difference. 
This may be proved as follows: 
From equation 27 


(28) 


a_ sin A 
sin B 
Adding 1 to both sides of this equation 


a _ sin A a+b_ sin A+sin B 


Subtracting 1 from both sides of equation 27 
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a sin A a—6b_ sin A — sin B 
Dividing the first by the second, 
a+b sin A+sinB 


sin B 
a—b sin A — sin B 
b sin B 


Canceling the 6’s and the sin B’s, 
a+b sin A+sin B 
a—b sin A—sin B 
In the answer to question 18 in Lesson V there was 
deduced the equation 
sin (A + B) + sin (A — B) = 2 sin A cos B 
Similarly, as there worked out, it could be shown that 
sin (A + B) — sin (A — B) = 2 cos A sin B 
By making A + B = a and A — B = y, then A 
would equal « — B and also y + B, so that 2 A = x — 
= (a+ y), and in the 
same way B = % (x — y). Then substituting in the 
last two equations they would become 
+ sin y = 2 sin (a + y) cos (a — y) 
sin x — sin y = 2 cos % (a + y) sin % (a — y) 
Dividing the last two, one by the other, 
sina +siny 2 sin} cos — y) 
sinx—siny 2cos} y) sin} (a — y) 


(29) 


sin cos 
But as-—— = fan and — = cot, 
cos sin 
sin x + sin 4 
+ Y tan 3 + y) cot (x — y) 
sin &©— sin y 


Again, as tan = =. and substituting A for x and B 
for y, as the application is general and either represent 
any angles, 

sin A+ sin B_ tan 3 (A+B) 

sin A—sin B tan} (A— B) 
sin A+ sin B 
sin A — sin B’ 


Finally, substituting this value for 


in equation 29, 
a+b_ tan} (A+ 8B) 
a—b tan} (A— B) 
Given, then, two sides, a and b, and the included angle 


C of a triangle, the angles A and B may both be found 
from equation 30, which may be written 


(30) 


tan 4 (A — B) ee 

Since % (A + B) = 1% (180 deg. — C), the value of 

1% (A + B) is known, so that this equation enables de- 

termining the value of % (A — B). Then A and B can 
be found, for 


%(A+ 
+%A— %B=A 


x tan 3 (A + B) 


and 
(A + B) —% (A—B)=B 
After A and B are known, the side ¢ can be found by 
The Law of Sines. 
By another method the side ¢ may be found directly 
from one of the alternative forms of equation 28. 


c= a? + b2 — 2ad cos C 
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and then by The Law of Sines the angles A and B car 
be computed. 


STUDY QUESTIONS 


41. Given a = 847, b = 579.4, C = 36 deg.; find 4, 
B and 

42. Given b = 527.8, c = 723.6, A = 100 deg.; fin! 
the other three parts. 

43. It is 60 ft. from the peak to the eaves of a gable 
roof and the angle at the peak is 110 deg. What is the 
overall width of the building? 

44, <A pipe line is to be put underground in a plant, 
but on account of walls and other obstructions, its length 
cannot well be measured in advance. From a point out- 
side of the plant, however, 50 yd. from one end of the 
required run and 90 yd. from the other end, both ends 
are visible and the angle between the lines of sight is 
found to be 37 deg. How long must the pipe line be? 

45. The supporting legs of a tank tower are 45 ft. 
long and 15 ft. apart at the base. The angle which the 
legs make with a horizontal line between the feet is 84 
deg. How far apart are the tops of the legs? 


Indicator for Water-Power 
Plants 


By JAmMeEs M. PurceLL 


In most low-head water-power plants, racks are gen- 
erally placed across the wheel-pit openings to catch the 
logs and trash that may damage the wheels. These racks 
at times are so obstructed as to interfere seriously with 
the operation of the plant. An added danger, because of 
the immense pressures they must bear, is due to the im- 
pounded water in front of the racks. 

Generally this clogging is caused by two things: In the 
autumn the leaves are washed from the river banks 
and are brought down to the racks. This period extends 
from Oct. 1 into the middle of December. Later on there 
are ice difficulties. The large cake or surface ice can be 
easily cared for, but the frazil or “needle” ice causes 
trouble. This ice appears as needle-like crystals merging 
into a thick, mushy condition, clinging to the racks even 
to the bottom, and gradually forming a thickness which 
presents an impenetrable barrier to the water. 

An indicator to show the difference of pressure in the 
wheel chamber and the headrace may be of interest. This 
difference between the front and rear of the racks indi- 
cates their condition, as foreign matter on the racks would 
cause a reduction in their area, and a difference of level 
between the wheel chamber and the headrace. The sketch 
shows the indicator construction; A is a %4-in. glass tube 
bent into the form of an ell, on the shorter leg of which 
a %4-in. coupling B is attached. Into this coupling a 
rubber stopper, sufficiently large to make a tight joint, 
is screwed, a hole is drilled through this stopper and the 
glass tubing forced in, making a water-tight joint. On 
the other end of the coupling a bushing reducing to 14 
in. is provided, from which this pipe is run to the bulk- 
head or any other convenient point. 

The distance XY is divided, each part being 0.88 in. 
long, the height of a column of mercury which will be'- 
ance a foot-column of water. This distance Y must be 
sufficiently long to care for the pressure difference }- 
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twee: the race level and the point where the pipe is at- 
tached. 

An alarm can be provided by putting a light float on 
top of the mercury column with a rod attached and a 
contact maker D made of a thin strip of copper. If the 
water in the wheel chamber should be lowered, due to 
obstructions on the racks, the strip D would make con- 
tact across the points EF and F and ring the bell. The 
complete indicator may be mounted on a board. Instead 
of this rigging a pressure gage might be used. The range 
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of this gage, in pounds pressure, would be the difference 
in level between G and B in feet divided by 0.434. The 
alarm attachment can be fixed by providing a contact 
brush on the gage hand, which, on reaching a predeter- 
mined point on the scale, would complete the circuit 
through a small copper segment attached at that point. 


A Locomotive Crane with an Electro-Magnet Lift, fitted 
with a small turbo-generator set to furnish electric current 
for the magnet, has recently been experimented with, by 
the Brown Hoisting Machinery Co., of Cleveland, Ohio. A 15- 
ton crane with a 40-ft. boom was fitted with a 5-kw. Terry 
turbo-generator set. By this means electric wiring, exterior 
to the locomotive, is eliminated. The turbo-generator set is 
independent of the other operating portions of the mechan- 
ism, which adhere to standard practice, and is mounted in a 
compartment beneath the floor where stands the operator. 


Humphrey Pumps Tested—Results of the official tests on 
the Humphrey gas pumps installed at Chingford, Eng., and 
described in “Power” for Apr. 29, 1913, have just been made 
public. The pumps were installed under a guarantee of 1.1 
Ib. of anthracite per water horsepower-hour, but the test 
showed even better results, the average fuel consumption of 
the four large pumps being 0.931 1b. and of the small pump 0.8 
Ib. pes water horsepower-hour. The lower fuel consumption 
of the small pump is accounted for by its greater relative 
valve area. The average thermal efficiency of the pumps was 
23% ver cent. and of the producers 82 per cent. 
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OVER THE SPILLWAY 
JUST JESTS, JABS, JOSHES AND JUMBLES 


Eureka! sez he. What? sez I. Perpetual motion! sez he 
to me. Me eye! sez I to him—an’ then we clinched!—‘Boiler- 
room Ballads.” 

This is a “newly patented primary battery” widely 
heralded in Chicago as “coming within 5 per cent. of per- 
petual motion.” The enthusiastic salesmen say that “when 
the invention becomes known coal mines may as well shut 
down, for heat, light and power will be reduced to one-tenth 
its present cost.” When this “invention” becomes known for 
what it really is, the fleeing salesmen will need perpetual 
motion to escape the angry populace. 


Sometimes, even an editor is sent to Bellevue Hospital. 
One of the “Power” bunch went, not long ago, to write up 
the power plant of “The largest institute of its kind in the 
world.” The editor was crazy to get it; perhaps, you'll be 
crazy to read it—the article on page 78. (English is a great 
language. You can easily say one thing in it and mean an- 
other.) 


They say J. P. Morgan has a project for merging London's 
light and power companies. Let’s see, didn’t somebody 
“merge” the New Haven road? The stock was formerly 200; 
now its 65—sub-merged. 

“One day I noticed the valve gear of one of our 300-hp. 
Corliss engines making an awful noise, the valves being so 
dry that the dashpots could hardly pull:the valves closed,” 
writes an engineer in Cuba. “I found the lubricator reservoir 
to be full of ordinary thin bearing oil, which the oiler said 
he had been ordered to use. I straightened out the trouble 
by substituting cylinder oil and then asked the chief 
mechanic how he could make such a mistake. ‘Why, I’m 
saving all the drip oil from the engine and filtering it. 1 
thought that the best place to use it was in the cylinder, as 
there was no babbitt metal there to melt if it happened to 
run hot.’ ” 


& 


The new appearance of the A. S. M. E. “Journal” is bully! 
It just sticks right out, with its standard size (9x12) and 
handsome typography. Welcome to our mongst! as our chief 
would say. 


“Relations between Engineering and Art’’—Headline. 

This must be what is meant by “strained relations.” Some 
time when you’re down town in New York, stand in front of 
the new Municipal Building and watch a dinky horsecar ooz- 
ing out between gigantic stone columns and drawn by a 
couple of horses who also have strained relations, probably— 
soaps, fats and suchlike. Art may be a relation, but in some 
engineering its relationship is like the Scotchman’s cousin— 
16 times removed. 


The trade papers are giving much publicity to the flatiron 
campaign out in Defiance, Ohio. Glad this town can get away 
with it. A man who once held a flatiron in defiance, when 
the domestic campaign was hottest, told us it couldn’t be 
done—and the “peak of the load” was the least profitable. 


“Henry J. Scriver, engineer of the Stearns Lumber Co., 
Neponset, Mass., was thrown 15 yards into the air, turned 
several somersaults and came down on his feet when a boiler 
at the plant exploded. Beyond Scriver’s slight injuries, the 
only damage was to the boiler room. When the explosion oc- 
curred, the blast all but blew the roof off, and with it the 
engineer. The shock of landing was so great that it al- 
most knocked ‘1is wind out. 

“The police made an investigation into the cause of the 
explosion, which they believe was due to a defective pipe that 
ran through a pile of sawdust.’—‘“Boston Herald.” 

Hen Scriver knows his business—or any other engineer 
who can land on his feet after a 45-ft. flight, accompanied by 
sundry portions of roof. What gets us is how the police 
knew that the defective pipe caused all the commotion. 
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By R. E. 


SYNOPSIS—Facts regarding the design of bearing oil 
grooves, showing why the usual ways of making them are 
not the best, and suggestions for improvements. 


Investigation of a number of bearings which gave 
trouble from heating, showed the fault to be either in- 
sufficient oil grooves or lack of provision for the oil 
to properly feed in between the shaft and the bearing. 
This trouble is more pronounced in bearings made with 
three or four parts. 

One way of making quarter boxes and bottom bearings 
is shown by Fig. 1, in which the edges A are chamfered, 
as shown, and the edges B left sharp. With the direction 
of rotation indicated by the arrow, the parts C and D, if 
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CROCKETY 


Another feature which is often neglected is the oil 
grooves in the bottom box of the bearing, as it is c/ten 
made without them. In one case a large air compressor 
which lacked oil grooves in the bottom box ran hot until 
deep ones were provided, as shown in Fig. 4. They should 
be made deep and smooth, to prevent the lodgmen: of 
dirt by flooding, when the foreign matter can be washed 
out. 

It is advisable to examine the oil grooves of all bear- 
ings occasionally, especially after they have shown a ten- 
dency to heat. Sometimes the outside of a large bearing 
does not indicate heating, while next to the shaft it may 
be hot enough to drag the babbitt and fill up the oil 
grooves. After such an occurrence a slight stoppage of 
the oil supply will cause the bearing to heat up rapidly. 


\\ 
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FIG.5 


SHOWING DETAILS OF BEARING CONSTRUCTION, OIL GROOVES AND CRANK-Rop BRASSES 


provided with proper oil grooves, will allow oil to feed 
between the shaft and bearing, but the sharp edge at B 
of the quarter box # will act as a scraper and prevent the 
oil from working in between it and the shaft. This is 
further influenced by the shape and position of the oil 
grooves as usually made in quarter boxes, as shown in 
Fig. 2. 

On practically all the Corliss engines examined, the 
front and back quarter boxes are grooved and chamfered 
alike. The explanation is that this is done so that the 
engine may rotate in either direction and still feed the 
oil. As Corliss engines are usually built to order and the 
direction of rotation is given when ordered, it would seem 
that the bearings should be made to suit the direction 
of rotation. 

It is evident from Fig. 2 that it is not correct to make 
the oil grooves alike for both front and back quarter 
boxes. If the direction of rotation is as indicated by 
Fig. 1, and the part F is grooved as shown in Fig. 3 there 
will be a chance for all the oil passing under the shaft 
to be drawn up between the back quarter and the shaft. 


Crankpin boxes of connecting-rods are usually made 
with oil grooves in both brasses alike, but for the best 
results they should be made to suit the direction of rota- 
tion, but lack of proper oil grooves in the brasses will not 
cause as much trouble, as on main bearings, when the 
crankpins are oiled from the center. 

Crankpin brasses or boxes F' and G, Fig. 5, are gen- 
erally left open to allow taking up. As the pin is fed 
from the center, part of the oil is retained in the oil hole 
H until it passes the openings J.J, when it is thrown out 
and wasted, making more work for the wiper. Fitting a 
strip of very soft wood into the openings will prevent 
this trouble. The wood can be compressed considerably 
before it is hard enough to prevent taking up the wear 
properly. When putting in wood strips it will be ad- 
visable to cut out one side, Fig. 6, so it will not scrape 
oil off the pin. This point must not be neglected when 
applying strips under main bearing caps, or a hot bering 
may result. 

The valve-gear parts of Corliss engines run hot ‘rom 
the high temperature of the cylinder, and when the usual 
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engine oil is used, it is almost immediately thrown off. 
(Cylinder oil is an excellent lubricant for the gear. 

“The means employed in oiling Corliss valve-gears are 
not in keeping with the improvements in oiling the other 
important parts of the engine. The parts are made light 
and there is no provision for taking up the wear, and the 
oiling must be done through small holes, often not even 
countersunk on the outside to assist in getting the oil- 
can spout into the holes when the valve-gear is in mo- 
tion. It is easy to put the oil everywhere except where 
it belongs. Consequently the gear is running without 
proper lubrication most of the time. 

Another thing the writer strongly advocates, is the con- 
stant lubrication of piston rods, almost compulsory with 
metallic packings, and very desirable with fibrous pack- 
ings. This is best accomplished with an oil cup ar- 
ranged to feed cylinder oil on top of the rod. The best 
results are obtained when the rod is kept clean and free 
from dust and grit by the device shown in Fig. 7. It is 


By J. J. 


SYNOPSIS—Storage and conveyance of otl and sys- 
lems of piping for large and small plants. 

Plants using fuel oil must have ample facilities for 
storage. This is accomplished by constructing tanks 
either above or below ground. Where tanks are placed 
above ground they are usually constructed of steel. Un- 
derground tanks are constructed of reinforced concrete 
and should always be plastered on the inside with a good 
cement plaster to prevent seepage. All storage tanks 
should be constructed with properly placed manholes and 
a vent pipe of ample size. These manholes should be pad- 
locked to prevent a careless person from setting fire to 
the oil. The vent should always be as straight as pos- 
sible, and the vent opening should not be placed where 
there is a possibility of its coming in contact with a naked 
flame or intense heat. It is advisable to solder fine wire 
gauze in the vent openings of all oil tanks. This will 
prevent any back flash into the vent pipe, and at the same 
time permit easy exit of the vapor. 

All fuel-oil storage tanks should be provided with some 
means to quickly extinguish a fire that might become 
started from any possible means. This can be accom- 
plished by fitting tanks with a ring of steam pipe, placed 
at the top of the tank. This ring must be provided with 
an ample number of openings for jets, and it must be 
large enough, and be so placed, that it will quickly and 
effectually provide a solid sheet of steam to cut off the 
air supply, and thus smother the fire. 

The delivery of oil is made in tank cars especially con- 
structed for that purpose, or if on a waterway, from 
barges or tank steamers. Whenever possible the storage 
tanks should be so arranged that the supply can be un- 
loaded by gravity directly into the tank, thereby saving 
Pumping costs. The boiler-room supply tank should also 
be pl ved as near the boiler room as practical to facili- 
tate pumping. When it is necessary to unload tank cars 
some istance from storage tanks, a hopper is usually con- 
struct beneath the tracks and connected to storage 
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made from a piece of spring steel, about 7x34 in., 
formed as at K, and a little larger than the piston rod. It 


is wound with candle wicking as at L, sprung over the 
rod and fastened to the gland nuts. After once being 
saturated with oil it will keep the rod clean and well 
oiled. 

Most engineers may be well acquainted with the fore- 
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going suggestions, but because they are simple they are 
often neglected. 
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tanks by means of a pipe line. In the case of receiving 
oil from barges or tank steamers, it is generally neces- 
sary to pump it. In practice it has been found advisable 
to have the inlet in the storage tanks fitted with a screen 
to prevent dirt from entering the tanks. This screen must 
be so arranged that it can easily be removed for cleaning. 
Storage tanks must also be fitted with a reliable sounding 
rod or oil gage marked in gallons, barrels or tons per foot. 
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The ease with which oil can be stored and conveyed 
gives it a great advantage as compared with coal. Oil 
can be unloaded directly from cars into underground 
storage tanks at a trifling cost. The storage space re- 
quired for oil is considerably less than that required for 
coal. Approximately 50 per cent. more heat value can 
be stored in the same volume of space with oil than 
with coal. This kind of fuel can be pumped from the 
storage tank into the furnace as needed. The cost 
of equipment required is small as compared with 
the conveying equipment necessary to handle coal. Tf a 
plant is located at a considerable distance from the points 
of unloading, the difference in the cost of handling these 
two fuzis ascumes proportions that cannot be overlooked. 
For example, in a certain case the cost of pumping a 10,- 
000-gal. car of oil 3300 ft. against a 20-ft. head, by elec- 
trical power at 10c. per kw.-hr., was $3. The cost of 
handling this same heat value in coal was $21. 
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PIPING AND PIPING SYsTEMS 


In Fig. 1 is shown an arrangement of oil piping known 
as the nonreturn system. After leaving the tank, the 
oil passes through the strainer placed in the suction, and 
then directly into the pump, thence to the burners. This 
is about the simplest arrangement of piping that could 
be devised, and, while it is used to a certain extent in 
small plants, it is not recommended. The economy of 
such a system will be far below that of a correctly fitted 
up installation. The operating engineer who has to con- 
tend with a system of this character can improve mat- 
ters some by installing two oil strainers instead of one. 
Fig. 2 shows a set of oil strainers so arranged that one 
strainer may be cut out and cleaned without interrupting 
the pump operation. The design of an oil strainer used 
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Fie. 2. Fie. 3. 
Fig. 2. Set of Oil Strainers Arranged So That One May Be 
passed. Fig. 3. Oil Strainer Well Adanted for Oil-Burning 
ants. 


in fuel-oil installations must be such that it can be easily 
and quickly removed and cleaned. 

Dirt has a persistent habit of working into oil tanks. 
If the oil tanks are not covered absolutely tight, except 
for the vent, so that no foreign matter can work itself 
into the oil, trouble is sure to occur sooner or later. In 
some plants great annoyance is caused by foreign matter 
in the oil. In many cases this is not so much the fault 
of the oil companies delivering the oil as to carelessness 
at the plant. 

Fig. 3 shows a type of oil strainer that is well adapted 
for oil-burning plants, provided that a strainer is located 
on both the suction and discharge sides of the pumps. 
When it becomes necessary to clean this strainer, the oil 
is forced through the bypass and the strainer is cleaned 
by steam, the dirt being forced out through the valve at 
the bottom. 

In Fig. 4 is shown a system of oil piping that is known 
among practical engineers as the circulating system. In 
this arrangement the suction in the oil tank is surrounded 
by a heating coil to facilitate pumping. The oil is drawn 
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from the tank through the duplex suction strainers into 
the pump. After leaving the pump, it flows through the 
duplex discharge strainers into the oil heater located be- 
neath the pumps and through the gas separator and oil 
meter into the burner line. The unused portion esc:pes 
through the bleeder valve back into the oil well. Some 
engineers prefer having this return oil led back into the 
suction near the pumps. This arrangement is often the 
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Fie, 4. CIRCULATING SYsteEM or OIL PIPING 
source of trouble because of gas that has become en- 
trapped in the oil being led back into the suction. This 
gas causes the pumps to work irregularly, thereby vary- 
ing the oil pressure. The gas separator is for the pur- 
pose of separating any gas that may have accumulated 
and also smooths out the pulsations of the pump. The 
gas-overflow valve at the top of the separator must be 
kept closed, except in times of trouble when gas is being 
formed, and the separator should be located at the high- 
est point in the system. It will be found advisable to 
place a thermometer at some convenient point, on both 
the suction and discharge sides of the pumps, so that the 
firemen may observe the oil temperature at all times. 
Fig. 5 shows the general arrangement of the Koerting 
mechanical oil-burning system on a stationary boiler. In 
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the drawing, B is the burner, attached to the air register, 
ST is the steam inlet to the oil heaters, D the steam dis- 
charge from heaters, H the oil heaters, P the oil-pumping 
outfit, PS the pressure strainer, SS the suction strainer, 
LS the steam blowout, 7 a thermometer and D/C a 
duplex interlocking cock. 

Fig. 7 shows an oil-burning system that is used to a 
considerable extent in some of the Western states. 

There are several different methods of regulating the 
fires. It may be done by adjusting the burners wider 


each boiler for a change in load. 


As the amount 
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of «:! forced into the furnace varies, and consequently 
the fire, with a varying oil pressure, it is obvious that it 
is of advantage when firing by the above method, to main- 
tain a constant oil pressure. This may be accomplished 
by placing a governor on the oil pump or, when using a 
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plant of any size, carrying a variable load, it would be 
difficult to maintain a steady steam pressure by the first 
named method of firing. By using the second method, it 
is possible to regulate the fires under all boilers according 
to the demand for steam by one operation from a con- 
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Fig. 8. Swan OvuTFIT SUITABLE FOR 
30ILERS OF 25 To 150 Hp. 


system, as in Fi 


) g. 4, by placing a regulating valve in the 
oil overflow. 


Another method of firing 1s to open the oil valves on 
_ hers wide open, or nearly so, and regulate the fires 
er 


ul boilers by means of the bleeder valve. In a 
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venient point in the boiler room. Any sudden changes 
in load can be immediately compensated for. The load 
can be divided between all boilers and each unit made to 
deliver its share under varying load conditions. A higher 
economy is the direct result. 
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There are a number of patented automatic systems of 
firing in use. One of these systems that has come into 
prominence, probably because it has been installed in one 
of the largest plants in the West, which has a record for 
high economy, is the Moore system. It consists of three 
independent regulators, namely, oil to burner regulator, 
steam to burner regulator and the damper controller. The 
regulators control the supply of oil to all burners, the 
supply of atomizing agent to all burners, and the supply 
of air for combustion, all from a central point. This 
system can be arranged to care for any number of boilers. 
Fig. 6 shows the regulator controlling the oil to the 
burner. 

Figs. 8 to 10, inclusive, show a make of apparatus 
that has gained considerable favor both in stationary 
work and on shipboard. Fig. 8 illustrates a small outfit 
suitable for a boiler of from 25 to 150 hp. The outfit 
shown in Fig. 9 is designed for plants ranging from 250 
to 3000 hp. The general arrangement of one of the sets 
is shown in Fig. 10. 

In an oil-burning system it is important that ample 
provision be made for heating the oil. The hotter the oil 
the greater the ease of atomization. As fuel oil gives off 
vapors at a comparatively low temperature, the oil on the 
suction side of the oil pumps cannot be heated to the de- 
sired temperature. It is, therefore, customary to heat 
the oil in two stages—first on the suction side, usually 
in the oil tank, and, second, by means of an oil heater 


on the discharge side. In some installations exhaust 
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In mechanical fuel-oil-burning systems the oil is heated 
to a temperature of about 260 deg. F. The formatioi of 


gas at this temperature is prevented by carrying the oil 
pressure in accordance with the temperature. 


Fie. 11 Fig. 12 


Fig. 11. Heater for Raising Oil to High Temperature. Fig. 12. 
Heater of Fig. 11 Arranged in Duplex 
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Fig. 10. GENERAL ARRANGEMENT OF SysTEM FOR POWER PLANT 


_steam is used in the heating coil in the oil well and also 


in the oil heater. In others, exhaust steam is used in the 
well alone and live steam in the oil heater. To raise the 
oil to a high temperature, it will generally be found nec- 
essary to use live steam in the heater. In oil-burning 
systems, using steam as an atomizing agent, the oil de- 
livered to the burners ought to be heated to at least 135 
deg. F. 


In Fig. 11 is shown an oil heater especially constructed 
for heating the oil to a high temperature. The oi] enters 
at A and is discharged at B. Steam enters at C; part of 
it is carried by the branch pipe between the shel! and 
outer tube and the other portion enters the inner tube. 
Fig. 12 shows the same heater arranged in duplex, t!ere- 
by allowing one heater to be cut out for cleaning or re 
pairs without interfering with the operation of the ) lant. 
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In the above type of heater, all joints are external. Ex- 
perience has shown this to be the best method of construc- 
tion. In Fig. 13 is shown the usual method of placing a 
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heating coil in an oil well. The pipe used in such a coil 
should never be smaller than 2 in. 


Gas Analyses Proved Worth 
While 


By T. E. GrirritH 


It was the writer’s earnest desire to learn why the coal 
consumption per kilowatt-hour in his plant varied so 
much from day to day. Believing that this was largely 
due to firing methods, a list of apparatus required for 
flue-gas study, giving the expense and advantages to be 
gained, was made out and presented to the office. It was 
turned down flat, but through the assistance of a drum- 
mer, who frequented the engine room, the loan of an Or- 
sat apparatus, acids and all, was obtained. Then, all that 
remained to be done was to change the piping and charge 
it to “boiler repairs.” 

Each boiler intake was tapped for a 14-in. gas pipe 
that reached to the center of the uptake just above the 
water tubes. These pipes were connected to a Y4-in. 
header extending along the end of the boilers. From 
this a line was run to a testing shelf in the engine room, 
and all was ready for a series of tests on each boiler. The 
gases were carried through a sight bottle and on to a 
tap in the condenser intake, where a valve could be 
cracked so as to allow the desired amount of gas to 
Pass; this being so small as not to affect. the condenser. 
The sight bottle showed just how much gas was passing 
and any stoppage of flow, which was frequent, in the 
line. 

Ovr plan was to get the actual furnace conditions 
hour by hour, during twenty-four hours. This would 
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indicate the hours during which the best results were ob- 
tained. The coal was weighed each hour, and, at the 
same time, kilowatt readings at the switchboard were 
taken, and also as many flue-gas tests as possible. Curves 
were plotted showing the total number of pounds of coal 
burned per hour, the kilowatt load, ‘the horsepower of the 
boilers connected and the pounds of coal per square foot 
of grate area. 

Before obtaining a sample, the gases were caused to 
flow through the sight bottle S, Fig. 1. The flow was 
regulated by valve Ff, valve 7' being used only to test the 
sight-bottle connections for leaks. Valve A was used 
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Fig. 1. Testing SHELF IN ENGINE Room 


to prevent air from backing up into the pipe when a 
change of gas receivers was being made. 

When a test of the gas at some precise moment was 
desired and there was plenty of time to work out the 
test before taking another, the sample was introduced 
directly into the apparatus. But to get a series of sam- 
ples taken in rapid succession over a period of time, say 
four or ten minutes, the time of one firing to another, 
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SHOVELS TO Door, 3-IN. ASH ON GRATE 


a set of one-quart beer bottles, each fitted with a two- 
hole rubber stopper, were obtained. Two glass tubes, one 
extending to the bottom of the bottle and the other not 
quite through the cork, were also provided for each bot- 
tle. If the short tube extended more than through the 
cork, it was impossible to get all the air out when filling 
the bottle with water ready for a sample. Connections 
were made with rubber tubing and pinch-cocks served as 
valves, 

To get an average sample of gas covering any period of 
time, two 3-gal. demijohns, such as are shown in Fig 1, 
were used, the pinch-cock on the discharge being set so 
that the demijohn would be emptied of water and filled 
with gas in the desired time. 
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Fig. 2 was plotted to show just how a 10-min. fire 
acts. This was the kind of firing used during the light 
loads. The fireman threw seven to nine full shovels in 
each door. This, of course, is not the best method of 
firing ; but, nevertheless, it was the method our men used 
most of the time. The fire at first produces smoke, the 
CO, goes to 8 per cent. with a trace of CO. The CO, 
increases to 8.4 per cent., then drops to 7.8 per cent, and 
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on down, as the fire burns, until the door is opened for 
a new fire. It then drops to 1 per cent., but quickly 
rises to 8 per cent., as the firing is completed. It is in- 
teresting to notice the shape of the curve for the first four 
minutes of the period and to consider the advantage had 
the boilers been fired again at that time and the low last 
half of the curve avoided. 

Fig. 3, taken when the load was heavier, shows a 4- 
min. fire. Here the average and the high part of the 
curve are considerably greater than in Fig. 2, and the 
coal burned per kilowatt-hour was lower. 
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Fig. 4 was taken during average load conditions, when 
the boiler “popped off” viciously and the damper was 
closed. The CO, ran much higher than usual, and this 
suggested that it might be just as well to use the damper 
more or less to regulate the supply of air. All these 
readings were taken with the fires fairly clean. 

Fig. 5 was taken when the fires were dirty, with from 
6 to 9 in. of ash on the grates. The load was fairly light 
and it is surprising to see the high position of the CO, 
curve. During this period the coal consumption was al- 
so light. Apparently the thick bed of ashes tended to 
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retard the flow of air and fill the same office as a stack 
damper. 

These tests were of great value. We saw that ridicu- 
lously poor methods of firing had been used and we were 
able to show the firemen just where and how it all hap- 
pened. The results from the gas apparatus were verified 


Vol. 39, No. 3 


to their absolute satisfaction by the records of coal burned 
per kilowatt-hour during the same interval of time. | am. 
pers with chain controls within convenient reach 01 the 
firemen were at once installed, the fires were carried 
thicker and more even and it is needless to say that the 
coal per kilowatt-hour dropped an appreciable amount. 

This shows the results that an ingenious and thinking 
engineer may obtain even though the men higher up are, 
seemingly, limiting and preventing him from showing 
his real worth. The test cost us less than $5. The edu- 
cation of the firemen was worth much more, not to men- 
tion the saving in fuel. 


Rate Discrimination by a 
Municipal Plant 


On Nov. 16, 1913, a petition was filed in the Court of Com- 
mon Pleas, Franklin County, Ohio, in which the city of Colum- 
bus was the plaintiff and the defendants named were certain 
city officials, namely, the mayor, director of public safety, 
director of public service, superintendent of the municipal 
electric-light plant, the auditor of the city, and the Kilburne 
& Jacobs Manufacturing Co., a corporation in the city, which 
under contract was obtaining electricity from the municipal 
lighting plant. 

This suit was brought by Stuart R. Bolin, the city solicitor, 
in compliance with the written request of James M. Butler, 

As the officials of the city were without the services of the 
city solicitor to defend them, it became necessary for the 
council to act, which they did by engaging the services of the 
firm of Weinland & Scarlett, of Columbus. 

On Mar. 8, 1913, the city solicitor apparently yielding to the 
pressure of public opinion, appeared before the court and 
moved for leave to dismiss the action without prejudice to 
future action. The court ordered the action dismissed. 

Then as the city solicitor, Bolin, refused to bring action as 
requested, James M. Butler, as a private individual, through 
Max Goldsmith and James M. Butler, attorneys, on Mar. 14, 
1918, instituted proceedings by filing a petition in the court 
of common pleas, naming James M. Butler as plaintiff and 
the parties named in the previous petition as defendants, 
except the Kilburne & Jacobs Manufacturing Co. 

The contract with the Kilburne & Jacobs Manufacturing Co. 
ealls for electricity not in excess of 500 kw.-hr. for a period 
of five years. The consumer is to pay the city a net rate of 
$0.0155 per kw.-hr., and in consideration of the low rate, the 
consumer agrees to use not less than 300 kw. per hr. during 
the hours from 6:30 a.m. to 6:30 p.m. on working days, and 
also agrees not to use current between the hours of 6:30 p.m. 
and 6 a.m. when requested not to do so by the city, excepting 
for the operation of such machinery and lighting as may be 
essential for the preservation of life and property.” If the 
consumer desires to do lighting during the day, the city will 
furnish the current at the same rate as power. 

The petition of Mr. Butler claimed that the city through its 
officials is maintaining and operating a plant to furnish cur- 
rent to illuminate the city, to sell power to the city and to sell 
to private consumers. That many streets and public places 
are not now lighted, because the plant has not capacity to 
extend its system. That the prices to private consumers are 
substantially less than the costs of generating, distributing 
the current and paying interest on the bonds. That prices 
charged to the consumers are not uniform. That although 
much of the current sold to private consumers is for day- 
time consumption, during many months of the year, the 
street lights are lighted often earlier than 4:30 p.m., whereas 
nearly all the private consumers use current until at least 
5:30 p.m., and frequently later. That by reason of sale of 
current to private consumers at less than the cost of generat- 
ing and distribution, including proper interest and depreciation 
charges, the city, plaintiff and all other taxpayers are directly 
paying a part of the cost of current for private consumers. 
That, therefore, public funds of the city are misappropriated. 
That by reason of the overlapping of time in private and 
public use of the current, the plant is unable to carry a larger 
load and light the public places now needing light. That the 
city officials, ete., are exceeding their authority and tht of 
the city. That, therefore, the tax rate and taxes are higher. 
That public requirements are neglected and denied for the 
benefit of the private consumers. That the machinery and 
equipment of the plants are overloaded and burdened fat 
beyond the factor of safety, thus imperiling the public *v3- 
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tem of the city. That the plant is rapidly deteriorating and 
depreciating and greatly in excess of the standard and neces- 
sities of a properly loaded plant. That there is no adequate 
remedy in law for the city, citizens and taxpayers save in a 
court of equity. 

The action sought to enjoin the city and its officials from 
entering into any further contracts with any person for the 
use of current for private purposes at any rate or price, which 
will not return to the city a fair profit over and above the cost 
of production and distribution, including proper interest and 
depreciation charges. It also requested that the present 
private contracts for the sale of electrical energy at less than 
cost be terminated and held as naught. That the city be 
enjoined from entering into any contract for the sale of cur- 
rent for private purposes until such time as it will not pre- 
vent the city from extending the public lighting system, and 
especially from furnishing current for private use at any time 
or hour when the street-lighting system is in operation; and 
that in selling current for private use the officials be en- 
joined from discriminating either as to price or as to location. 


On Apr. 7, 1918, a demurrer was filed by the city solicitor’s | 


office, defending the city on the following points: 

(1) The plaintiff has not legal capacity to bring action. 

(2) The court has no jurisdiction. 

(3) The petition does not state facts which show a cause 
of action in favor of the plaintiff and against any or all 
defendants. 

The court overruled No. 1 and No. 2, the defendants ex- 
cepting to the ruling, but sustained No. 3, the plaintiff ex- 
cepting. 

In rendering the decision the court considered the petition 
of the plaintiff under the following headings: 

1. Prices charged—less than cost. 

2. Prices charged not uniform. 

3. Overlapping of time of city and private service and 
overloading machinery by private loads. 

It would appear from the complaint, said the court, that the 
plaintiff entertains the view that the city has no right to sell 
current to private consumers, except at a price which will 
at least equal the cost of generating and distributing it to 
the consumers and the interest charged upon the bonds. The 
court does not understand how this can be a correct measure 
by which to determine a proper rate for current. This leads 
to a consideration of the objects and purposes to be accom- 
plished by the city in the construction and maintenance of 
this plant. The statute, Section 3618, provides that “the 
municipalities shall have the power to establish, maintain 
and operate municipal light, power and heating plants and 
to furnish the municipality and the inhabitants thereof with 
light, heat and power to procure everything necessary there- 
for and to acquire by purchase, lease, or otherwise, the neces- 
sary lands for such purposes within and without the munici- 
pality.” Section 3928-12 provides that, “the city council when 
It deems necessary, may issue and sell bonds for erecting 
or purchasing gas works, or works for the generation and 
transmission of electricity for the supply of gas and elec- 
tricity to corporations and the inhabitants thereof.” 

In the light of these provisions the court held that there 
could be no doubt as to the right of the municipal corporation 
to manufacture and sell electricity for light, power or heat to 
private consumers from its municipal plant. The mode of the 
exercise of this power is confided to the discretion of the city 
officials. They are not required by the statute to light all the 
streets and public places of the city before furnishing current 
to private consumers. It is doubtful if a city is under obli- 
gation to light its streets at night in the absence of statutory 
requirement, although there is apparently some conflict in 
the decisions on this subject. It may be more economical for 
the city to furnish current to light a part of its streets from 
the municipal plant in conjunction with furnishing power and 
light to private consumers and to light a portion of its streets 
by private contract, and that discretion cannot be controlled 
by the court. If the city assumes the exercise of this power 
and undertakes to furnish current to private consumers, .it 
must do so in competition with other corporations. The posi- 
tion of the plaintiff in reference to this question of the price 
of current to private consumers is that the contracts with 
private consumers must be at a sufficient rate to provide for 
senerating and distributing the current and also to provide 
for the payment of the interest on the bonds. Upon what 
Principle can the entire interest charge on the bonded debt 
created for the purpose of building, equipping and enlarging 
the plant be charged upon the current furnished to private 
consumers? The interest on the bonds issued for that pur- 
Pose is a fixed charge, which must be met either by the earn- 
ngs ef the plant, or by taxation. If the plant is confined 
in its operations wholly to the lighting of the streets and 
Public places of the city, the entire charge must ‘be met by 
taxation. Tf, however, current is sold to private consumers 
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at a rate which will cover the cost of generation and distri- 
bution and some portion of the interest charge, to that ex- 
tent the taxpayers are relieved of the burden. What pro- 
portion of the current generated at the municipal lighting 
plant is furnished to private consumers and what proportion 
is used in lighting the streets and public places is not dis- 
closed. If the amount furnished to private consumers is but 
a small part of the total current generated, and if that same 
portion of this current should be charged with the burden of 
the interest charge on the bonds issued for building, equipping 
and enlarging the plant, it would seem clear that the munici- 
pal plant would stand but little chance in competition with 
a privately owned plant which distributed that charge notably 
to the entire output of its plant. The complaint, therefore, 
with reference to the price charged to private consumers 
furnishes no ground for interference by the court, or rather, 
it should be said that the petition does not state facts to show 
that there is any just ground for complaint as to the price. 

The next complaint is that the prices charged to private 
consumers are not uniform. The word uniform in its ordinary 
significance means not varying, unchangeable. The charge is 
not made more specific. The plaintiff urges that the city 
officials in charge of the plant have no right to discriminate 
between those who apply for the use of the current. But what 
does discrimination mean? The law does not permit corpora- 
tions, public or private, to discriminate unjustly as to rates. 
But the law does not and never did require that the rates 
should be unvarying. The rule is that they must not dis- 
criminate in rates to different patrons, so as to give one an 
undue advantage over another. It is, however, not an undue 
preference to make one patron a less rate than another, where 
differences in conditions exist, when there is such a difference 
in the expense or difficulty of rendering the service as to 
justify the difference in rates. It would seem that in the 
ease of electric-light companies there are potent reasons 
which would justify a greater difference in rates than in the 
ease of either railroad or telegraph companies. In the case 
of a large consumer whose plant is close to the lines of the 
company, it would seem that power could be furnished at a 
less rate than to one whose plant is remote, and who uses 
but a small amount. The petition, therefore, only averring 
that the prices are not uniform, does not state a fact which 
shows any right of aetion for the plaintiff. 

The next ground of complaint is that, because of overlap- 
ping of the time when current is used by private consumers 
and the time when it is needed to light the streets and public 
places of the city and the limited capacity of the plant, many 
of the streets and public places are not lighted. A city is not 
required to light all the streets and public places from the 
municipal plant. It may, if it sees fit to do so, light a part 
of the streets and public places by contract. It may never 
have been the intention of the city authorities to light all of 
its streets and public places from this plant, as it may be 
that the city is not financially in a condition to so extend its 
plant that it can at this time do so, but conceding as we must 
for the purpose of the demurrer, that the city refused, because 
of the rate of this current to private consumers, to extend at 
this time the system of street lights from the municipal plant, 
the court finds no law which requires the city to discontinue 
its sale of current to private consumers in order to extend the 
street lighting from this plant. It is doubtless true that one 
of the purposes for which the plant was erected was to fur- 
nish light for the streets, but the city is also empowered in 
its discretion to furnish current to private consumers. It 
may be that one of the purposes or objects of the city in 
erecting and maintaining the plant is to furnish competition 
in the business of furnishing light and power to the inhab- 
itants of the city. The court sees no reason to hold that one 
object may not have been as prominent as the other in lead- 
ing to the erection and maintenance of the plant. In the 
opinion of the court this furnishes no ground for the inter- 
position of a court of equity. 

The next complaint is that by reason of the sale of current 
to private consumers, the machinery and equipment are greatly 
overloaded and burdened beyond the factor of safety and are 
rapidly deteriorating and depreciating in excess of the stand- 
ard and necessity of a properly loaded plant. To this it may 
be said that it might just as truly be charged that because 
of the extent of the lighting of the streets the plant is over- 
loaded and burdened beyond its capacity. But looking beyond 
that, it is doubtful whether a court of equity will interfere to 
restrain municipal authorities who are increasing adminis- 
trative functions upon the mere ground that they are not 
acting wisely in the judgment of the court so long as their 
acts are closely within the power granted. It is a well estab- 
lished principle of law that municipal officers, in the exercise 
of administrative or legislative discretion, are not subject to 
judicial control or review in the absence of fraud, and there 
is no charge of fraud made in the petition. A case might be 
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made which would show such gross mismanagement that it 
would amount to fraud or constitute gross abuse, but it would 
seem that the averments of the petition on this point are not 
sufficient to call for the interposition of a court of equity. 

The one further complaint is that the prices of current to 
private consumers have been maintained for two years and 
will continue to be maintained unless restrained by the court. 
If the conclusion reached that the petition does not state 
facts to show that the prices charged are not sufficient to 
show any abuse of discretion on the part of city officials, the 
continuance of the rates would furnish no grounds for inter- 
ference. The conclusion, therefore, is that the petition does 
not state facts sufficient to show a right of action in the 
plaintiff and the demurrer is sustained.” 

The plaintiff was given leave to amend his petition, and, 
accordingly, an amendment to the petition was filed, in which 
the plaintiff reiterated the statements and charges and fur- 
ther averred that prices charged by the city for current sold 
to numerous private consumers were substantially less than 
not only either the proportionate, fair, just, reasonable equit- 
able or actual cost of generating such current and distribut- 
ing the same, but also either the proportionate, fair, just, 
reasonable, equitable or actual part of the interest on the 
bonds previously issued and the money used for the purpose 
of building, equipping and enlarging the plant. That the 
prices charged by the city for electricity to private consumers 
are far below any just equitable price and far below the cost of 
production or distribution, even considering all the circum- 
stances under which the said plant furnishes both street and 
municipal and private light and power and without regard to 
any profits, and considering also any alleged advantage that 
may accrue to the said city, because of its sale of current to 
private consumers. That electricity sold as aforesaid has 
never at any time been sold at any profit to the city. That 
on the contrary, the sale has at all times entailed a loss to 
the city. That the prices charged to private consumers have 
been at no time uniform under like, similar or same condi- 
tions. That consumers under like conditions have at all 
times been charged widely varying prices without any reason 
or excuse therefor. That some consumers have been charged 
higher prices and rates than others, some of whom were under 
the same, others under like and others under similar condi- 
tions, circumstances and situations. That the city has never 
used, and is now using no uniform, equitable or scientific 


schedule, or any system of rates whatsoever either for light: 


or power for private purposes. That rates are made without 
any regard to conditions under which consumers may take 
electrical energy, and without any regard to any distribution 
of cost either of generation or of transmission, or of overhead 
or other cost, as between electricity for the street and public 
or municipal lighting and power, and that for private light- 
ing and power. That the city through its officers and agents 
is still arbitrarily furnishing electricity to some customers 
and refusing to supply other persons living in the same local- 
ity under substantially the same conditions and circum- 
stances. 

The plaintiff in this later petition seeks to have the court 
order the defendants to prepare and submit an equitable 
schedule’ of rates that will be substantially uniform under 
like conditions and circumstances, that will not discriminate 
between citizens and consumers under substantially the same 
conditions and that will require the consumer to pay at least 
the substantial cost of the production and transmission. 

The matter is now resting at this stage. 

It is stated that, after the municipal light plant entered the 
field of serving private consumers, the Railway & Light Co. 
reduced its rates. 

The yearly return to the city for this private service in 1912 
was about $40,000 gross. The total operating expenses were 
about $84,000. The total interest on the bonds was about 
$34,400. There were $860,500 bonds outstanding January, 
1913. One plant and equipment complete were valued on the 
books at about $913,000 at that time. 


Midwinter Meeting of Stevens 
Alumni 


The midwinter meeting of Stevens Alumni Associaticn 
,was held on Jan. 9 and 10. On the afternoon of the 9th, 
preceding the meeting, 2 conference of Stevens graduates 
and many other consulting and constructing engineers was 
held in the main assembly hall of the Stevens Institute of 
Technology, Hoboken, N. J. The principal subject under dis- 
cussion was “The Engineer’s Part in the Regulation of Public 
Utilities.” 

Most of the speakers had experienced relations with pub- 
lic-utilities commissions and were unanimous in expressing 
the opinion that the work of the commissions was seriously 
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handicapped from lack of engineering intelligence 02: the 
part of the personnel of the commissions as, up t the 
present, they have had to depend for technical inforniation 
mainly on such as has been furnished by the very corjora- 
tions which the ‘commissions were presumed to regulxte, 

Several of the speakers referred to instances where com- 
missioners who had been adversely criticized for their rulings 
both for and against the corporations had taken refuce jn 
their own ignorance of engineering questions, self-satisfied 
in emulating the sophistry of social economists “who educate 
themselves by reading each others’ books” instead of studying 
physical facts. 

President Alexander C. Humphreys thought that as at pres- 
ent constituted the tendency of public-utilities commissions js 
to discourage and break down competition: by encouraging 
monopolies. Speaking of the usual personnel of commissions 
he said: “I maintain that the facts show that some of these 
commissions are quite as much in need of regulation as are 
the public utilities. Ina country like ours we cannot blind our 
eyes to the facts as to how appointments to any such offices 
too often are obtained. They are part of the spoils of party 
victory and control. Too often the men appointed are not 
qualified to exercise the great power placed in their hands. 

“IT hold that on every one of these commissions the engi- 
neering profession should be adequately represented in the 
persons of men educated in the science of engineering and 
later trained in the hard school of experience. These men 
should be voting commissioners. I by no means maintain that 
because a man is an engineer he is thus necessarily qualified 
for membership on such a board, any more than he is quali- 
fied to be a judge because he happens to be a lawyer. What- 
ever his profession be, a commissioner should be _ broadly 
trained and should have had experience in the exercise of ad- 
ministrative functions.” 

Addresses were also made by John W. Lieb, Jr., vice-presi- 
dent: of the Edison Co., New York; Newcomb Carleton, vice- 
president of the Western Union Telegraph Co.; James E. 
Sague, of the Public Service Commission of the second dis- 
trict of New York, and other alumni and invited guests. 

In the evening the regular annual midwinter session of the 
Alumni Association was held at Castle Stevens. On the fol- 
lowing morning, Jan. 10, members of Stevens clubs from all 
parts of the world held a conference, and in the evening the 
midwinter meeting was closed by a dinner of the alumni at 
the Hotel Astor, New York. Covers were laid for 400. 


American Standard of Fittings 
and Valves 


At a meeting of the Committee of Manufacturers on Stand- 
ardization of Fittings and Valves, held at 30 Church St., New 
York City, on Dec. 17, 1913, the following resolution was 
adopted: 

Resolved—That the schedule which was adopted by this 
committee on Sept. 17, 1913, and which was reported by the 
committee of the American Society of Mechanical Engineers 
on standardization of flanges, at its annual meeting held Dec. 
3, 1913 (which subject is held over for its next regular meet- 
ing), be concurred in and reaffirmed to take effect as orig- 
inally planned, on Jan. 1, 1914. 


SOCIETY NOTES 


On Saturday evening, Jan. 10, the second annual banquet 
of Atlantic City, N. J., No. 9, N. A. S. E., occurred in the 
large dining room of the Islesworth Hotel, and was well at- 
tended. The toastmaster was John Callahan, past state presi- 
dent. The committee of arrangements were George Hasson, 
Harry Pennypacker, Arthur Truman, John Higgins, Patrick 
Sheeran, Robert Black, Frank Atkinson, John Haldeman, John 
Halhersal. Gott. Seeh. William Simms. Among the speakers 
were National President James R. Coe, Past President William 
J. Reynolds, National Conductor, John J. Reddy. The mayor of 
Atlantic City made the address of welcome. 


OBITUARY 


George O. Harris, of Evansville, Ind., died at his home iD 
that city on Dee. 21 after a long illness. Mr. Harris was an 
active member of Evansville No. 7, N. A. S. E., having held 
offices in that association as well as the state and national 
associations. 
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